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Atomic Transition Probabilities for Iron, Cobalt, and Nickel 
(A Cri.tical Data Compilation of Allowed Lines) 

J. R. Fuhr, G. A. Martin, W. L. Wiese, and S. M. Younger 

C('nlrr jilr Radiation R('s('arch, National Bureau <1 Standards, Wa.~hinglon, n.c. 20234 

Atomic transition probabilities for about 5100 spectral lines of the elements iron, cobalt, and 
nickel in all stages of ionization have been critically evaluated and compiled. All available literature 
sources have been considered. Systematic trends along isoelectronic sequences have been exploited 

to predict oscillator strengths ([-values) whenever no data were available in the literature. The data 

are presented in separate tables for each element and stage of ionization and are arranged according 
to multiplets and, where appropriate, also according to transition arrays and increasing quantum 
numbers. For each line the transition probability for spontaneous emission, the absorption oscillator 
strength, and the line strength are given, along with the spectroscopic designation, the wavelength, 
the statistical weights, and the energy levels (when available) of the upper and lower atomic GtateG. 

In addition, the estimated accuracy and the literature reference are indicated. In short introductions 
which precede the tables for each spectrum, the main justifications for the choice of the adopted 
data and for the accuracy ratings are discussed. A general introduction contains additional details 

on the evaluation procedure. 

Key words: Allowed transitions; cobalt;j~values; iron; isoelectronic sequence; line strengths; nickel; oscillator strengths; sys

tematic t·rends; transition probabilities. 
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1. I ntroductory Remarks 
This work represents the most recent installment in the NBS 

series of critical data compilations of atomic transition probabilities I 

for iron group elements. Earlier publications in this series covered 
forbidden transitions for these elements [1 J,2 as well as allowed 

transitions for scandium and titanium [2J and for vanadium, chro
mium, and manganese [3]. As this publication goes to press, the 

earlier compilations are being updated and revised, and it is planned 

to assemble all this material into a comprehensive compilation of 
transition probabilities for the iron group elements. This is to be 
published in book form as Volume III of Atomic Transition Probabili

ties, in the same (NSRDS-NBS) series as the NBS data compilations 

for the first twenty elements [4,5J. 
The literature sources were taken from the bibliographie:; UB 

atomic transition probabilities which have been published by this 

NBS data center [6]. In addition, the more recent literature has been 

taken from a master reference list which is maintained and contin
ually updated in the data center. This material includes some as yet 
unpublished results which have been communicated to us by re

searchers in the field. 
Inasmuch as iron and nickel (and, to a lesser extent, cobalt) are 

very important elements both astrophysically and as components in 
magnetic fusion devices, a large number of data sources are avail

able. The literature on the first spectrum of iron is by far the most 
abundant of all species covered here. Fairly reliable experimental 
data are also available for neutral cobalt and nickel, as well as for 

the singly ionized species of iron and nickel. Beyond the second 
spectra, few or no reliable experimenLal uaLa eJl.i:st, although :lome 

results based on theoretical calculations have been published. For 

several intermediate stages of ionization no results have been tabu

lated here-either because of the lack of data or because we esti
mate the results to be of questionable reliability. A fair number of 
data are available for the higher stages of ionization, and it was 
possible to predict the oscillator strengths of additiona] transitions by 

means of interpolation procedures. 

2. Method of Evaluation 
In evaluating a source of data, one first considers the ~eIleral 

accuracy and reliability of results produced by the theoretical or 

experimental method used. The next step is to ascertain whether and 

I Transition probabilities, oscillator strengths (f. values), and line strengths are 

equivalent quantities. The numerical relationships among these quantities are given 

in the conversion table (table 5) at the end of this introduction. 

~ Numbers in brackets indicate the literature references. 
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to what extent certain factors critical to that method have been 

accounted for in the particular work considered. 

A detailed discussion of the critical factors relevant to each 

technique can be found in one of the earlier NBS data compilations 
[5]. Some examples of critical factors are the degree of self
absorption present in emission experiments, the presence of line 
blending and/or cascading in experimental determinations of radia
tive lifetimes of atomic states, and the mixing of quantum mechan

ical states in theoretical calculations due to configuration interaction 

and/ or intermediate coupling. In experimental work these critical 
factors can, for example, he r.hp.r.h~rI anrl corrected for by means of 

special tests, modeling, or modifications to the experimental appara

tus which serve to minimize sources of systematic error, or they can 

at least be approximately accounted for in the uncertainty estimates. 
Improvements to theoretical calculations may entail the inclusion of 

additional terms in the atomic Hamiltonian and/ or the augmentation 

of the basis set used in calculating wave functions and transition 

matrix elements. 
In addition to evaluating the overall merits of the method applied, 

as well as allowances made for the pertinent critical factors, one can 
make judgments regarding the relative significance of those critical 
factors to the types of transitions treated. For example, certain 

experimental techniques are better suited to the determination of 
oscillator strengths for strong lines as opposed to weak ones, or vice 
versa; othp.rs may favor resonance lines over transitions between 
excited states. In theoretical calculations one expects relativistic 
effects to be more drastic for certain transitions than for others; 

likewise, correlation effects are highly dependent upon the complex
ity ot the structure bemg studied. Thus even in cases where :;Ul1lt:: 

critical factors have been neglected by an author (or have not been 

mentioned in the published work) we have nevertheless included the 

data in this compilation if the method used is considered to be fairly 
reliable for the types of transitions treated. In the more doubtful 
cases, however, we are necessarily more conservative with our error 

estimates. 
The comparison of results obtained by different investigators has 

served as still another helpful technique in the evaluation process. 

This is particularly true whenever intercomparisons can be made 
::Jmone; sp.vp.ral sources of data for the transition{s} in common in 
order to pinpoint serious discrepancies more readily. Another in

stance is the comparison of sums of transition probabilities out of a 

common upper level to the reciprocal of the lifetime of that level as 
measured by an mdependent technique; in this manner il i:, po~~iblc, 
for example, to determine whether renormalization of an absolute 

scale is advisable. Another valuable analytical tool which has been 

exploited in the critical evaluation procedure isthe degree of fit of 
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published results into established systematic trends along isoelec

tronic sequences of the lighter elements. Applied mainly to the 

higher ions, this technique becomes in essence an additional critical 

factor on which the accuracy of the data can be judged. 

2.1. Review of Data Sources 

Some general remarks on the selected sources of data are given 

below. A more detailed discussion can be found in the short intro
ductions which accompany the tables for individual spectra. 

2.1.1. Experimental Data Sources 

The experimental data for iron, cobalt, and nickel are essentially 

limited to neutral and singly ionized species, as has been the case for 

other elements of the iron group. For these species the experimental 
material is the dominant source of information and is far superior to 

111::: cxi::'lill!=) ll.t::ult::liciil Jiilii. SUU1I::: aJJiliulJiil expcaiu1t;lllal Jdla die 

lvailable for more highly ionized species, mainly in the form of life

lime measurements from beam-foil spectroscopy experiments. These 
data have contributed in an indirect way to this compilation, either 

by providing checks on theoretical data or by providing material for 
establishing systematic trends along isoelectronic sequences, which 

often yield interpolated f-values for highly ionized species. 
Relative tlan5itiol1 plObability data have been lIupplied by emi5-

sion experiments and, to a lesser extent, by absorption and anoma
lous dispersion ("hook") measurements. Absolute scales for these 
data have frequently been determined by experiments of a quite diff

erent kind, typically by determinations of atomic mean lives of a few 
important excited levels, such as lifetimes of the upper levels of reso
nance lines. It is thus convenient to discuss the experimental data 
30urCC3 for relativc and ab30lutc 3ca1c3· 3cparatcly. 

(a) Relative transition probabilities. The quantity that is direct

ly measured in the emission, absorption, or hook techniques is 

proportional to the product of the transition probability and the 
population of the initial atomic state (i.e., the upper state in emission 

experiments and the lower state in absorption or hook experiments). 
Measurements are sometimes restricted to transitions originating 
from a single atomic state, as in the branching ratio technique. In 

such a case the population of the initial state is constant and does not 

enter into relative transition probability measurements. In other 

experiments, however, the determination of the relative populations 
of the various atomic states is one of the most critical problems. For 

the discharges or hot vapors involved, the existence of partial local 
thermodynamic equilibrium (PLTE), i.e., a Boltzmann distribution of 

excited atomic levels, may be assumed. Equilibrium criteria have 
indeed established that PL TE conditions for the excited atomic states 

hold for the typical experimental situation. But to relate the various 
level populations quantitatively, knowledge of the temperature is 
required-and these temperature measurements are often a.source 

of considerable systematic uncertainty. 

For the first spectrum of iron there are by far many more data 
available than for any other species c'ompiled here. For this reason, 

and also because many of these data are the results of rather 
advanced experimental work, we feel that Fe J deserves a relatively 

detailed discussion. 
The majority of the compiled data originate from two comprehen

sive emission experiments, both performed with stabilized arcs: May 

et al. [7] and Bridges and Kornblith [8] have measured a total of 
about 1500 fairly accurate f-values (with uncertainties in the 25-

50% range), which represent nearly a third of the data tabulated in 
this compilation. The data overlap for about 170 transitions, and, 

with the exception of a few lines, the agreement between these two 
experiments is very good, as is clearly seen from figures 3, 4, and 

5 of the Fe 1 introduction; for example, 84% of the data compared 
agree to within 25%. These figures also show that no systematic diff

erences between the two sets of data are apparent when j-value 

ratios are plotted against wavelength (except for four ultraviolet 

lines, see fig. 3 of that introduction), log gf (intensity) (fig. 4), or 

upper energy level (fig. 5). (For a more detailed discussion, see the 
Fe I introduction.) While the two experiments are quite similar in 
conception, the technical approach used by Bridges and Kornhlith is 

more advanced. In contrast to the photographic recording method 
used by May et aI., the data acquisition technique of Bridges and 

Kornblith is based on photoelectric detection and digital data proces· 

sing. Furthermore, the arc source used by the latter authors is 
equipped with a self-regulating system. Guided by signal monitors, 
the gas flows in the arc chamber are closely controlled by feedback 
circuits. When variations in the signals occur, valves are activated 

to self-stabilize the source. Furthermore, Bridges and Kornblith used 

a temperature measurement technique which minimized systematic 
uncertainties associated with the PLTE model. For their det~rmina

tion of the arc temperature, they utilized available lifetime data for 
about 40 different Fe 1 energy levels which span a wide range of 
excitation energies. May et aJ., in turn, normalized their relative data 

to the scale established by Bridges and Kornblith. 

A third experiment of key importance for the Fe I spectrum is the 
absorption work of Blackwell et al. [9-11] with a precisely stabilized 
electric furnace. Their measurements represent a new level of sophis

tication in experimental [-value determinations of complex atoms. 
Prp.r.isions of :lhollt O.So/n h:lvp. hep.n oht:linerl on a r.ommon relative 

scale for many of the measured lines. Their spectrometric detection 

system ·is fully computer-controlled and the data are processed on

line. Two spectrometers are employed to measure various line pairs, 

which are then linked together in loops through overlapping lines and 
are checked and adjusted for internal consistency. Their measure

ments are, however, limited to groups of lines originating either from 
low-lying levels or from levels of the ground term itself. so that only 
about 100 transitions could be treated. 

Another important source of data are the "hook" measurements 

performed by Huber and co-workers [12-14]. In these experiments, 
an absorbing column of hot Fe atoms has been generated either 

in an electric furnace or in a shock tube. The shock heating tech

nique could be used to study transitions from highly excited levels, 

while the electric furnace allowed the measurement of lines orig
inating only from lower excited levels or from levels of the ground 

term. With shock heating, however, spectroscopic temperature 
measurements-which again involve the assumption of PL TE
sensitively affect the transition probability data. A comparison with 
the data of Bridges and Kornblith, illustrated in figure ], shows an 

energy dependent trend (plotted here versus lower energy level), 
indicating a likely temperature error. It appears that the source of 

error lies with the Huber and Parkinson data, since Bridges and 

Kornblith have minimized their temperature measurement uncer

tainties by fitting their data to numerous independently determined 
lifetimes, as di;;clIs;;ed earlier. 011 the other hand, the electric fur

nace work fly Banfield aud Huller covers a very limited range of 

energy levels, and the temperature measurements should be more 
precise. Thus one would not expect any energy dependent syste-

J. Phys. Chern. Ref. Data, Vol. 10, No.2, 1981 
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matic errors, which is indeed borne out by the excellent agreement 
between their data and those of Bridges and Kornblith, shown in 
figure 2. 
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Next to Fe I, the largest sets of experimental data exist for Ni 1 

and CO I, consisting of approximately 280 and 220 lines, respec
tively. The selected sources of relative data for Ni 1 are the anoma
lous dispersion (hook) work (supplemented by a few weak lines 
measured by the absorption technique) by Huber and Sandeman 
[ISJ and branching ratio measurements by Lennard et a1. [16J with 

a hollow cathode discharge. The two data sets are quite consistent, 
with three-foulth::, uf tIn: uverlappiug liue:; adhering to a common 

scale to within 25% or better. The data for Co I are from a similar 
group of experiments; the relative values are results of the hook 

measurements by Cardon and Smith [1 7J and the branching ratio 
technique of Whaling [18J with a hollow cathode discharge. As in 
the case of Ni I, the two sources of data are fully consistent. 

Relative data for the singly ionized species are even less plentiful. 
fairl y rdiaule result:; exist for only about 130 lines of Fe II and are 

J. Phys. Chern. Ref. Data, Vol. 10, No.2, 1981 

from the following sources: the emission experiments with waH
stabilized arcs by Bridges [19J and Baschek et a1. [20J; the shock 
tube-emission work by Wolnik et al. [21J; the branching ratio 
measurements by Smith and Whaling [22J with a hollow cathode 

discharge; the hook experiment by Huber [13J; and the analysis of 

solar spectra by Blackwell et a1. [23] and Phillips [24]. For Ni II, the 
principal source for the about 50 tabulated lines is the wall stabilized 

arc experiment by Bell et al. [25]. For CO II, however, the scatter 
among the few available (and very limited) sets of ex'perimental data 

is very large-up to factors of 10-and cannot be definitely traced 
to any particular source, so that no attempt to tabulate numerical 
material was made. 

(b) Absolute transition probabilities. As noted earlier, in emis
sion as well as absorption or hook experiments the quantity that is 
directly me~sured is proportional to the product of the transition 

probability and the initial atomic state population. To obtain absolute 
data the populations have to be determined on an absolute basis, 
which is far more complex and involves more-stringent assumptions 

(e.g., complete LTE) than do relative transition probability measure
ments, as discussed above. Consequently, the determination of abso
lute data by any of these approaches is subject to considerable 
additional uncertainties. 

If, however, a common relative scale for the transition probabili
ties of a species is established, the conversion to an absolute basis can 
be accomplished by an independent absolute measurement for only 
one transition. Precision measurements for one or a few key lines of 

a spectrum-primarily resonance transitions-are indeed readily 
accomplIshed Via atomIC lIfetrme techmques. Thus In recent years 
the combination of lifetime measurements with one of the methods 
discussed earlier has emerged as a very useful approach for deter
mining large numbers of absolute transition prohabilities in a reliahle 
manner. We ha~e therefore converted relative transition probability 
data to an absolute scale via the results of lifetime measurements 

whenever possible. 

Before reviewing the sources of lifetime data, we wish to point out 
that the lifetime method, while representing a conceptually straight
forward time-decay measurement, is not without problems of its own. 
For example, some lifetime techniques are based on the non

selective excitation of atomic states, which leads to cascading effects 

due to the simultaneous excitation of higher feeder states and the 
associated lengthening of observed lifetimes. Another limitation is 
that lifetimes are inverse sums of transition probabilities, comprising 

all possible downward transitions from a given excited atomic state. 
F or complex spectra such as those encountered here, these sums 

often involve many lines, and the relative transition probability data 
may be quite incomplete, thus precluding the utilization of lifetime 
measurements. For the first and second spectra of Fe, Co, and Ni, 
however, many of the available lifetime data could be utilized, since 
either the transition probability sums are complete or the missing 
terms are estimated to be small. Furthermore, a number of the data 
were obtained with selective excitation techniques, which are very 
accurate. 

Especially for the upper level (z 5Ff) of the Fe I resonance line 

3720 A, some very accurate lifetime data have been obtained, as 

seen in table I. A large variety of techniques has been employed: the 
Hanle effect by Hilborn and de Zafra [26J; the delayed coincidence 
method by Klose [27J; the optical double resonance technique by 
Wagner and Otten [28J; and the high frequency deflection tech
nique by Brzozowski et al. [29]. By including the contributions of 
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weak lines originating from the z !i F~level, we have converted these 

lifetimes to oscillator strengths, which are further supplemented by 

the precise atomic beam result of Bell and Tubbs [30]. Several other 

recent lifetime experiments have yielded data for highly excited 

levels of Fe I, but have not been directly utilized in this compilation 
since relative transition probability sums were incomplete. These 

data were, however, used as "upper-limit" checks on the compiled 

material and were found to be fully consistent with it. 

The situation is similar for the other spectra: For CO I, the lifetime 

measurements by Figger et al. [31 J. who applied a laser to achieve 
selective level excitations, provide accurate absolute data which 

have been utilized to place the earlier cited relative transition proba

bility data on an absolute scale. For Ni I, both the delayed coinci

dence method incorporating selective laser excitation and the Hanle

effect technique were used by Becker and co-workers [32,33J to 

determine the absolute scale, and in the case of Fe II, phase-shift 
lifetime mesllrements hy As"ow;::I ::Inri Smith [~4.J serverl the !,;::Ime 

purpose. 

TABI.E I. Selected lifetime-oscillator strength data- for the Fe I resonance level. 

T(ns) of Oscillator strength 

Reference the = !iFf,' of the 

level 3719.93 A line 

Wagner and 01l('n [28J .,}9.5 ± 1.6 0.0425 
Klose [27J 61.5 ± 0.4 0_0413 
Hilhorn and de Zafra (26J 6:).2 ± 3.6 0.0400 
Brzozowski el al. [29J 60.5 ± 1.5 0.0418 
Bell mnl Tubbs [:)()] 0.041 ± 0.003 

2.1.2. Theoretical Data Sources and Systematic Trends 

As mentroned earlier, theoretically determined data for ions of 
iron are fairly abundant in the literature-at least in comparison 

with the corresponding ions of other iron group elements. Several 

sources include data for nickel ions as well, but references on cobalt 
are rather scarce. Thus while our earlier data compilations on 

scandium through manganese [2,3J relied very heavily on the inter

polation or extrapolation of data from graphs of systematic trends of 

oscillator strengths along isoelectronic sequences, this approach did 

not constitute the principal means of providing tabulated data in the 

present work. Systematic trends were nevertheless utilized, both as 

an analytical tool in evaluating data and as a method of predicting 

f-values which were nonexistent in the literature. In cases where 

wavelengths of individual spectral lines were. available but only 

multiplet oscillator strengths were reported in the literature or were 

derived by interpolation, we have derived I-values for the lines by 
decomposing the multiplet strength according to LS coupling.:..-but 

only where we felt that this was a good approximation to the actual 

physical situation. 

One phenomenon that manifests itself in the study of systematic 

trends along isoelectronic sequences is the change in the quantum 

character of eigenstates with increasing nuclear charge Z. This can, 

for example, lead to drastic variations in oscillator strengths. particu
larly for the member(s} of the sequence at (or nearest) which a 

designation interchange occurs. It may also result in increasingly 

greater values of the oscillator strength, as l increases, for all inter

combination line; such transitions are generally too weak to be 

observed in neutral and weakly ionized species of the light elements, 

but they may compete with transitions allowed in LS coupling in 

heavier species isoelectronic with those elements. In addition, it 

poses the problem of establishing a standard system of nomenclature 

for "mixed" eigenstates and raises the companion question of how 
a meaningful comparison of oscillator strength data along the se

quence should be made. Because of the growing importance of this 

phenomenon with increasing nuclear charge, and in view of the 

magnitude of its effects as indicated in published theoretical work for 
iron group elements and heyond, this topic is ni"clIssen in more rlctail 

in section 2.2 below and thus will not be further elaborated on at this 

point. 

We shall now turn to a brief review of the principal sources of 

theoretical data that have been selected for inclusion in this tabula

tion, or that have been major determining factors in arriving at our 

own predicted f-values. 

Advanccd tcchni<fuc3 that have been u~ed in calculating tran5i

tion proi::-'.bilities are the relativistic random phase approximation 

(RRPA), the multiconfiguration Dirac-Fock (MCDF) method, and 

the diverse variational approaches which allow for extensive config

uration interaction and at least some relativistic effects. 

Of the RRP A calculations reported for ions of iron group ele

ments, the most advanced is that of Shorer [35J for resonance 
tran:o;itiow5 in Ne-like ions, in wl_~ich siguificalll cunfiguratiull iuLta-ac

lion in the upper state was accounted for. Other sources using this 

same technique, but with a more limited configuration basis, include 

the work of Lin and co-workers [36-39J for Be-like and He-like 

ions, and that of Shorer et al. [40J for Mg.like species. 

The (relativistic) MCDF technique has been applied by Cheng et 

al. [41 J to the determination of f-values for all transitions of the type 
2~(l2jJb_2,~(l-12jJ!.+1 iII but:lectronic sequences of Li through F. It 

has also been used by Cheng and Johnson [42,43J for Be-like and 

Mg-like species; Armstrong and co-workers [44,45J for Li, Be, and 

Ar sequences; Cheng and Kim [46] for Ne-like ions; and Kim and 
Desclaux [4 7J for Be-like ions. In. addition, Kim and co-workers 

[ 47 -49J have applied the single. configuration Dirac-F ock method to 
calculate f-values for the Li and Na sequences. 

Comprehensive variational calculations incorporating a large num

ber of configurations as well as relativistic effects have been reported 

by Glass [50-53J for Be-like ions and B·like Fe. Also, superposition

of· configurations (SOC) calculations have been carried out in inter

mediate coupling by Weiss [54,55J for ions of the Be, Mg, and Ar 

sequences; he has also determined multiplet I-values via the non
relativistic SOC approach for the Al sequence [54,55]. The non

relativistic multiconfiguration Hartree-Fock (MCHF) method has 

been used by Froese Fischer [56-59J to calculate multiplet oscil

lator strengths for the isoelectronic sequences of Na, Mg, and 

AI. The (nonrelativistic) non-closed shell many-electron theory 
(NCMET) was used by Sinanoglu and Beck [60] 10 predict one 

multiplet oscillator strength for Si-likf~ ions. Also, the sophisticated 

nonrelativistic variational eal(:uialiolls of Weiss [61] for low ions of 

the He sequence enahled us 10 f~xlrapolat(' oscillator slnmgths for a 

few multiplets in He-like Fe through Ni. 

The scaled Thomas-Fermi (STV) approxilll,ltioll has heen ex

ploited ill several trallsition probability calculations 011 iron-group 
dements. Of thi~SC, tlw most advanct:d arc tht~ lIIultiomhguration 

approaches, induding relativistic effects, of Hely-Dubau et al. [62] 

for Li-like (Fe XXIV) satellite lines of lIe-like resonance lines and of 

Nusshaumer and Siorey [63 J for numerous transitions in Be-like 
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species. Additional, somewhat less-sophisticated sources of data 

based on the STF method are the calculations of Nussbaumer and 

co-workers [64-67J for Cl- and Ne-like Fe and Ni, as well as Fe XIII 

and XXIII; Mason and co-workers [68,69J for Fe XI, XIV, and XXI; 

Kastner and co-workers [70-72J in Fe XIII, xv, and XIX, as well as 

CO XVI; Hayes [73] for Fe XXlV; both Biemont [74] and Kurucz and 
Pp.ytrp.mann [7SJ for Fe III and Ni III; and Warner and Kirkpatrick 

[76J for Fe VII and CO VIII. 

In addition to the MCDF and MCHF calculations mentioned 

earlier, the results of several somewhat less-sophisticated Hartree

Fock (HF) approximations have been used. These include the interme

diate coupling approaches, with limited allowance for configuration 
interaction, of Chapman and Shadmi [77J for F-like ions, ofShamey 

[78J for Be-like ions, and of Dankwort and Trefftz [79J for B-like 

ions; the Hartree-Fock-Pauli (HFP) approximations of Weiss [80J 
for the Li sequence, and of Bogdanovicius et al. [81J for Fe XIX; the 

single-configuration HF calculations of Biemont [82J and Tull et al. 
[83J for Na-like ions, and of Chapman [84J for Fe XXlI and XXIII. 

A number of Hartree-Fock calculations have incorporated empir

ical adjustments to radial integrals. This technique has been used in 
conjunctiull wiLh Cuwan'i; HX (Hartree-Fock with statistical ex

change) and Hartree-XR (HX with relativistic effects) programs, 

with explicit allowance for configuration interaction in some cases, 

to calculate gf-values for many ions of Fe as well as a few of Ni: 

Fe VIII [85J; Fe IX-XV [86J; Fe X,XI [87J; Fe XI, Ni XIII, XIV [88J; 
Fe XII, XIII [89J; Fe XV [90J; Fe XVII [91J; Fe XVIII, XIX [92J; 
Fe XIX [93J; Fe XX [94J; Fe XXII, XXIII [95J; Fe XXIII, XXIV [96J; 
Fe XXIV [97J; and Ni xx v, xx VI [98]. The calculations of Blaha [99J 
for Fe XIV also utilized a semi-empirical Hartree-Fock approach. 

A relativistic multiconfiguration parametric-potential method has 
been applied by Aymar amI T.1H~-Kop.nie [lOOJ to the calculation of 

f-values for the Mg sequence. A single-configuration parametric

potential calculation has been performed in intermediate coupling by 

Crance [lOlJ for Ne-like ions. 

The nuclear-charge (Z -)expansion approach has been applied by 

several authors to the determination of oscillator strengths for He

like ions: the "unified relativistic" calculations of Drake [l02J; the 
method of Brown and Cortez [103J based on variational wave 

functions for low-Z ions; and the less sophisticated approach of 

Laughlin [104]. A nonrelativistic multiconfiguration Z -expansion 

calculation has been reported by Fox, and Dalgarno [1 05J for a few 
multiplets involving doubly excited states in Li-like species. Z
expansion perturbation theory has been applied by Vainshtein and 

Safronova [106 J to the determination of transition probabilities for 

He- and Li-like satellites to resonance lines in H- and He-like species, 

respectively. Froese Fischer [1 07J has used a "simulated Z
expansion technique" to parametrize transition integrals for numer

ous multiplets in the Na sequence. 

A number off-values for Li-like ions are the results of studies by 

Smith and Wiese [108J and Martin and Wiese [109J of systematic 

trends of oscillator strengths along the isoelectronic sequence. 
Quite a few :'UUlce:, uf Lheoretically derived data have been 

rejected by us in the course of our critical evaluation process. One 

SOurce in particular contains f-value data for numerous transitions: 

the scaled Thomas-Fermi (STF) approximation of Kurucz and Pey

tremann [75J for the neutral atoms, as well as the singly to quadru

ply ionized species, of Fe-group elements. Their work has already 

been critically reviewed in a previous compilation [3J, which in
duJeJ i;everal graphical comparisons of the data of ref. [75J with 
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the more reliable experimentally determined values. In view of the 

outcome of those comparisons, as well as the rather crude nature of 

the theoretical method used by Kurucz and Peytremann to calculate 

oscillator strengths for lines of the complex transition arrays found 

in Fe-group elements, we quote their results for only two of the 

spectra (Fe III and Ni lJI) covered in the present compilation. 

2.2. SpectroscopiC Designations and 
Electron Coupling 

One of the recurring problems encountered in evaluating and 

compiling data for these tables was the assignment of spectroscopic 
designations to the upper and lower states of transitions. Spec

troscopists have somewhat divided opinions on the subject. One 

possibility is to label a state according to the largest component of 

its (calculated) eigenvector, although this approach does not yield 

unique designations if there exist two or more states with a common 
leading component. Alternatively, the systematic behavior of wave

lengths and intensities of a "given transition" along an isoelectronic 

sequence suggests that a common name be applied to the upper or 
lower state of all ions, regardless of changes in the quantum mechan

ical character of that state along the sequence. 

There are problems which arise in both of these approaches. 

Certainly calculated eigenvectors provide a quantitative, and there

fore supposedly more objective, framework on which to base deci

sions concerning nomenclature. The accuracy and reliability of re

sults of such calculations, however, depends quite heavily on the 
theoretical or semi-empirical method used to produce them. (Even 

quite sophisticated theoretical approaches can yield erroneous re

sults if applied to atomic or ionic systems in which two or more 
p.ig~n"tatp." arP. vp.ry np.:lrly rlegenerate energetically) The alterna

tive approach of applying the same notation to a given state of all 

ions in an isoelectronic sequence, based on systematic trends in 

wavelengths and intensities of observed spectral lines, fails to recog

nize the true quantum character of the state in question. Changes in 

the eigenvector along the sequence may lead to a reversal of the 

dominant component in ions of nuclear charge Z beyond some 
minimum v::dup. Z",;". Tn some cases, moreover, a change in the 

coupling notation at some point in the sequence may be desirable. 

In the process of evaluating and compiling transition probability 

data several problem areas related to the designation of energy levels 
and to changes in electron coupling come to light. It is particularly 

perplexing, for example, to find that calculated oscillator strengths, 

energy levels, and eigenvectors available from one source of data 

cannot be unequivocally matched with experimentally determined 

energy levels from another because of differences in nomenclature. 

Further difficulties arise whenever interpolation techniques are used 

to predict I-values for an ion which lies within an interval in the 
pertinent isoelectronic sequence where a change in the coupling 

scheme takes place. In such cases the uncertainties in calculated 

eigenvector components would probably be of such a magnitude as 
to preclude a definitive assigumeuL. Cellaiuly tlIe iutelpulateJ [

values would have to be considered to be quite unreliable, and the 

pairing of such predicted oscillator strengths with particular spec

troscopic designations could be misleading. 

For the present compilation we have designated the eigenstates 

according to the dominant eigenvector component whenever such 

information was available and sufficiently unambiguous. For certain 
states of several species we have adopted notations such as i l} 
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and/ or ill coupling if this constituted an improvement over the 

Hussell-Saunders (LS) designation. This was particularly true for the 

J'Je-like ions of Fe through Ni, for example, where the LS-coupling 

designations given by Loulergue and Nussbaumer [65J for the two 

i = 1 levels of the 2l' 3s configuration in Fe XVII and Ni XIX were 

indicated by them to be representative of the corresponding levels in 

lower-Zions. Their calculated eigerivectors for these levels in 

suggest that the names should be interchanged, but that the purity 

in LS coupling is rather low. A transformation to the i]j-coupling 
scheme clearly demonstrates a significant improvement, as seen in 

table 2 below. The validity of such a transformation is borne out by 

TABU': 2. Eigenve('tor components and percentage compositions from ref. [65J for 

J = I states of the 2p'"'3.~ configuration in Fe X\ll. 

/.S coupling J,j coupling 

"Pi' 'Pi' (if,I{)O (I;;, I{)O 

Lower state 0.679 0.73:~ 0.991 0.131 
(46':{) (,'i4';q (98'1..) (2';;,.) 

Upper state 0.7:n -0.678 -0.130 0.990 
(S4'X) (46'l) (2'Yr.) (98'1t.) 

the calculations of Crance [101J, who labeled the 2p'sns (n 2:: 3) 

states of these ions in id -coupling notation (although he did not 

publish his calculated eigenvectors). Crance's calculated [-value data 

support this action as well, since in pure LS coupling the oscillator 

strength for a I SO-:lp I (i.e., intercombination) transition is zero, while 

Crance's results predict virtual equality of the [-values for transi

to the two J = 1 levels in Ne-like chromium. 

One of the more striking examples in which the reported existence 

of state mixing influenced us in the preparation of this compilation 

was the evaluation of [-value data for resonance transitions to states 

of the 2p 43s an~ 2p"3d configurations of F-like ions. Oscillator 

strengths and eigenvectors were calculated by Chapman and Shadmi 

[77] for F-like Sc, Fe, and Cu. According to their results the purity 

of some states is less than 50%. In certain of those cases the same 

basis state constitutes the dominant component of two different 

eigenvectors, so that the corresponding levels cannot be labeled 

uniquely, In other cases a single basis state is distributed among so 
many eigenstates that no one level could be labeled as such. The 

mixing becomes more severe along the isoelectronic sequence, so 

that the interpolation of [-value data for F-like Co and Ni was a 

difficult undcrtakins. 

An example of Chapman and Shadmi's published results is 

presented in table 3 below. Energy levels for i = ~ states of the 

2p 43d configuration are tabulated in ascending order for each of the 

TABU:;t Cakulated energy levels and percentage compositions from ref. [77] for J = ~ states of the 2p '!3r1 configuration in F-like Sc, Fe, and Cu; also, {values from the 

sallle source for resonance transitions to those states. 

Energy 

level 

:WOO900 
:~9:~5200 

:{947200 
4ml700 
408:{200 

67i'58()() 
0817:iOO 

6856:WO 

6967100 
7040100 

876800() 
881i'50() 
8900000 
9(l:{Ii'O() 

912:{IOO 

" 2/' ~p:~ ~ 
"2/' ~pp ~ 

I 

86 

S2 

42 

58 

:{:~ 

15 
17 

:{O 

:{4 

19 
2:~ 

21 

Percentage compositions 

I 

91 

17 
()4 

22 
55 

14 

I 

I 

Sc XIII 

Fe \\111 

Cu \\1 

I 

28 

61 

18 

57 

15 

52 

92 

81 

0.0019 
3.5(-6) 
0.021 
2.4(-5) 
0.031 

0.0089 
U.UU:1l 

0.013 
1.7(-4) 

0.031 

(J.()12 

O.(}(),J.:\ 

O.()O')') 

I.C)( _. 4) 

0.1)20 

(values 

I 

I 

I 
9.0(-5)" 
2.6(-4) 
0.0016 
0.088 
0.43 

2.7(-4) 
:1.4(-4) 

9.1(-4) 
(W68 

O.5:{ 

2.2(-4) 

't.6(--4) 
7.1('-4) 
O.05() 

O.S2 

" The nUlllber in parentheses following the tahulated yalue indi('at(~s the Ilower of t(~11 by whi"h this value has to be lIIultiplied. 
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LS coupling and f-values for transitions from the ground-term levels 

(2 ps ~PF ~.:, :!). (Chapman and Shadmi tabulated only the dominant 

eigenvector components for each state by terminating the process 
when at least 75% of the eigenstate was accounted for. Thus the sum 
of percentage compositions for any given eigenstate (row) or basis 

state (column) is in general less than 100%.) The only level that 

seems to be unambiguously identifiable for all three ions presented 

is the C Dfs, although the f-value for the :~-Y2 transition undergoes 

a rather drastic increase in the interval between Sc and Fe. Designa
tion of the remaining states in Sc is rather straightforward, but in the 

case of Fe and Cu the average purity (i.e., the percentage of the 

largest component averaged over all levels) reduces to 59% and 

55%, respectively. Intermixing is so severe that it is virtually impos
sible to predict oscillator strength data for Co and Ni by interpolating 

along the sequence. Predicted f-values have been tabulated in this 

compilation for a few of these transitions, but they must be consid

ered rather uncertain. Even the published data for transitions to the 
CP)'DI 2 and CPfP, 2 levels in F-like iron have been excluded-in 
the former case because of the relatively small difference (52% vs 
42%) in CIP}\O character between two of the eigenvectors, and in the 

latter because of the lack of anyone eigenvector containing a 

significant percentage of eppp character. A similar but somewhat 

more intricate situation is found for the levels of the 2p 43d 
configuration having J = ~ and J = %, since each ei8envector 

contains eight basis states and (in some cases significant) mixing with 

states of the 2s 2p 53p configuration is indicated. Transformation of 

Chapman and Shadmi's calculated eigenvectors to another basis set 
resulted in significant improvements in the purities of only a few 

levels, while others became more diluted, so that the overall advan

tage was questionable at best. Additional difficulties arose in at

tempting to match observed wavelengths for these transitions with 
the calculated ones, since the energy levels are fairly closely spaced 
and the relative positions determined by theory may be in error. A 
result of the totality of problems and uncertainties involved in the 

study of high ions in the fluorine isoelectronic sequence is the 

possibility of considerable error in our tabulated results, which is 

reflected in the accuracy ratings, and the essentially inevitable exclu
.. ion of pos .. ible oscillator strength data for many transition .. at this 

time. 

This rather extensive discussion of the Ne-like and F-like ions is 
not intended as a criticism of the work of the authors referenced 
herein, but rather as an exposition of some of the peripheral factors 

that enter into the evaluation and compilation of transition proba

bility data-particularly for heavier species, where relativistic (such 

as spin-orbit) effects begin to play an important role. It is hoped that, 
in the future, producers of theoretical f-value data will accompany 
their published results with as much information as possible (espe-

cially eigenvector components!) so that evaluators can make better 

and informed judgments as to the suitability of including suchf-value 

data in compilations of this type. 

Probably the most outstanding presentation of eigenvector data 
relevant to this compilation is the work of Shorer [35J on the Ne 

sequence. He provides graphs of percentage compositions in LS, 
and lJ l coupling for the 1 = 1 levels of the configurations 2p 53s 
2p"3d. (For the sake of convenience, he also supplies matrices of 

transformation coefficients indicating the relationships among these 
three pure coupling schemes.) Thus the reader can see at a glance 

how the electronic coupling varies along the isoelectronic sequence, 

and particularly how it is affected in regions of significant level

crossing-induced configuration interaction. This mode of presenta
tion, together with the relatively high level of sophistication of the 

f-value calculations and the detailed comparison of results according 

to the size of the various configuration bases used, could be consid

ered as a model. 

3. General Arrangement of the Tables 

The same general format has been maintained throughout the 

series of NBS compilations [1-5]. For the more complex spectra, we 

have omitted the transition array column, and the multiplet designa
tion scheme introduced by Moore [110-112]' which labels the 

terms with lower case letters (a,b,c, ... ,x,y,z), has been used to 

identify the upper and lower states of Ii transition. In some special 

cases, we have designated the transition, where appropriate, in a 
coupling scheme other than Russell-Saunders (LS ), such as the J,j 
coupling encountered in Ne-like ions and ld or III coupling for 

Ar-like species. 

The major sources of wavelength and energy level data are the 
tables of Moore [11O-112J, Kelly and Palumbo [113J, and Reader 
and Sugar [114]. For some spectra, particularly for the highly 
ionized species, few or no data were available from these sources. 

We thus had to search through the literature on these species to 

obtain the appropriate data. To this end, the bibliographies on atomic 
energy levels and spectra [115] were quite helpful. In addition, we 
m~de lI .. e 1)£ the f:l(~ilitip.~ of thp. NRS D::It::l \.p.ntp.r on Atomie Energy 

Levels in locating the most· recent sources of original data. All 

sources of wavelengths and energy leve]s other than refs. [110] 
through [114] which have been used in this compilation are given 
in table 4. 

In the main tables, calculated or extrapolated energy levels are 

enclosed in square brackets, as are experimentally derived energy 
levels which are uncertain with respect to the ground state. The 
same is true of wavelengths that have been calculated from energy 

level differences rather than obtained from experiment. 

TABLE 4. Special source material for wavelength and energy level data. Complete citation~ are given helow. 

SpedrUlll i 

Fe 1 

Fe II 

Fe \11 

F" \III 

Fe JX 

Fe X 

Fe :>., 

Fe :>'11 

Reference 

j 

5,6,7 
5,8,9 
5,9,10 
S,11 
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Spectrum 

Fe XII' 

Fe X\ 

Fe X\II 

F" ,\:UIl 

Fe XIX 

Fe X\ 

Fe XXI 

Fe XXII 

Reference 

5,11,12,13,14 
5,12,15 
16,17,18,19,20 
?l,??,n,?() 

24,25,26,27,28 
24,27,29,30 
27,29,31,32,33,34 
27,29,35,36,37 

Spectrum Reference 

Fe XXIII :17.36,:-17,38,:39,40,41 

Fe X:>.I\ 39,42,43,44,45,46 

Fe X:>.\ 47,48 
l.O VIII 49 
Co X 50 

Co \1\ 12,51,52 

CO XVI 12,53,54 

CO XVII 53,55 
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TABLE 4. Special source material for wavelength and energy level data. Complete citations are given below.-Continued 

Spectrum Reference Spectrum Reference 

CO XI\ 2156 Ni II 61 

CO X\ 24,27,57 l'li XY 12,51,52 

CO XXI 27,56,57 Ni XYI 

CO X\II 27,58 Ni \.\'11 

CO XXIII 27,59 Ni X\III 

CO XXI\ 27,38 Ni XIX 

Co \\\ 27,47,60 Ni x\ 
CO X\\ I 47,48 
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We have again classified the uncertainties in the atomic transition 

probability data with the same notation used in our earlier com
pilations, i.e., 

(or uncertainties within 3 percent,3 

for uncertainties within 10 percent, 

for uncertainties within 25 percent, 

for uncertainties within 50 percent, 

A 
B 
C 
D 
E for uncertainties greater than 50 percent. 

The word uncertainty is used hcre with thc connotation "cstimatcd 

extent of the deviation from the true value." The estimation pro

cedure is based on our evaluation of random errors as well as our 

estimates of the maximum effect of possible systematic errors (see 

sec. 2). We have often made a further differentiation in the 

classification scheme by assigning plus or minus signs to some tran

sitions to indicate that these lines are estimated to be somewhat 
better or worse than similar lincG. TheGc Ghould therefore be the first 

or last choice among similar transitions. 

A summary of the abbreviations and special symbols used in the 

tables is given in section 4. Also, for convenience, we have included 

the relations between line and multiplet values in the case of LS 
coupling. In table 5, we provide a table of conversion factors which 

we have used throughout this compilation to convert from transition 
probabilities to oscillator strengths and line strengths, and vice versa. 

TABU: S. Conversion factors 

The fa 1'1 or ill each box ('on verts by multiplication thc quantity above it into the onc 

at its left. 

6.670~ X 10'0 H!.. 
A.~ M, 

1..+992 X 10- '" A. ~M' 
~I 

."i 

2.026, X 10lB 

M,A." 

303.7" 

~ 

The line strcngth is given in atomic unit~. which are f1}~ = 7.188, X 10 -,,'I rn"C" 

for electric dipole transitions. The transition probability isin units s -', and thej~\'aluc 

is dimcnsion\ess. 'rhe \\'a\'c\englh )., is given in angstrom units, and M; and M! are the 

statistical weights of the lower alld upper state, respectively. For the atornic (;Qnstants 

enlt'ring into thr relations. WI! have used the re(;Qmlllendation~ of the CODATA Task 

(;roup 011 Fundamental Constanb (J. Phys. Chern. HeL Dat1i 2, 663 (1973) J. 

:I No transition prohabilities of "A" accuracy are reported in this compilation. 

, In keeping with thr tradition in thili field, we have tabulated the spectroscopi(' 

Ijllillllilil's ill 1'lIslolllarv IInils ratlwr than in SI units; e.g., energy levels are expressed 

ill tl ... ir "'llIil'"I"IlI'" III ,'111 I. 
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4. Key to Abbreviations and Symbols 
Used in the Tables 4 

1. Symbols for indication of accuracy: 

A uncertainties within 3 percent,3 

B uncertainties within 10 percent, 

C uncertainties within 25 percent, 

o . . . . uncertainties within 50 percent, 
F uncert,inties greater than 50 percent. 

2. Abbreviations appearing in the source column of allowed tran

sitions: 

ls = LS -coupling rules applied 

n = normalized to a scale different than that of the author (as. 

explained in the introductory remarks to the pertinent spectrum) 

interp. = derived by an interpolation technique, rather than 
taken directly from the literature 

3. Special symbols used in the wavelength and energy level col

umns: 

The number in parentheses under the multiplet designation refers 

to the running number of ref. [11 OJ (Revised Multiplet Table). If 
letters "uv" are added, we refer to the running number ofref. [Ill] 
(Ultraviolet Multiplet Table). 

Numbers in italics indicate multiplet values, i.e., weighted aver 

ages of line values. 

Numbers in square brackets indicate approximate calculated or 

extrapolated values. 

Useful Relations 

(A) Statistical Weights: 
The statistical weights are related to the inner quantum number 

JI. (for one-electron spectra: jl. ) of a level (i.e., initial or final state 

of a line) by 

gl. = 2)1. + 1, 

and to the quantum numbers of a term (initial or final state of a 

multiplet) by 

gll = (2L + 1)(25 + 1). 

(The "multiplet" vallie" gil may also be obtained by gumming over 

all possible "line" values gl .. S is the resultant spin.) 

(B) Relations between the strengths of lines and the total multiplet 

strength: 

1. Line strength S: 
S(i,k) ~S(}jk) 

l;.i, 

or 

S(Multiplet) = ~ S(line) 

(k denotes the upper and i the lower term). 
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2. Absorption oscillator strength fA: 

I ~ (2Ji + 1) 
Aikt (2Ji + 1) 1r11 

X A(J;Jd X jUJd. 

The mean wavelength for the multiplet, Aik , may be obtained 

the weighted energy levels. Often the wavelength differences for the 

lines within a multiplet are small, so that the wavelength factors may 

be neglected. 

3. Transition probability Aki : 

;\ 1 ~ (2Jk + 1) 
(Ail.) ji(2Jk + 1) J;.J, 

X A(JiJ.Y X A (JiJd. 

Relative strengths S(Ji.Jd of the components of a multiplet are 
listed for the case of LS coupling in Allen, C. W., Astrophysical 

Quantities, 3rd Ed. (The Athlone Press, London, 1973); White, H. 

E., and Eliason, A. Y., Phys. Rev. 44,753 (1933); Shore, B. W., 

and Menzel, D. H., Principles of Atomic Structure, p. 447 (John 

Wiley & Sons, Inc., New York, 1968); Goldberg, L., Astrophys. 1. 
82, 1 (1935) and 84, 11 (1936). 
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Ground State 

Ionization Potential 

Wavelength (A) 

19.')4 .. ':.4 
19:n.27 
1940.66 
2084.12 

2102.35 
2112.97 
2132.02 
2138.59 
2145.19 
2153.0) 
2161.58 
2166.77 
2171.30 
217:i.21 
2176.84 
2191.20 
2191.84 
2196.04 
2200.72 

2228.17 
2250.79 
2259.28 
2259.51 
2265.05 
2267.01) 

2272.07 
2276.03 
2277.11 
2287.25 

. 2292.52 

·2294.41 

2300.14 
2:101.68 
2303.42 
2:·W3.58 

2309.00 
231:1.10 
2320.36 
2:171.43 
2373.62 

2374.52 
2381.83 
2389.97 
2462.18 
2462.6.'1 
2479.78 
2483.27 
2488.14 
2490.64 
2491.1.'; 

2501.13 
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Iron 

Fe I 

7.870 eV = 63480 em- I 

Allowed Transitions 

List of tabulated lines 

: l 

No. Wavelength (A) I No. Wavelength (A) No. Wavelength (A) No. 
; 

30 
• I 

2510.83 14 2980.53 191 3168.85 121 

29 i 2512.36 15 2981.45 10 3175.45 116 

30 2518.10 14 2983.57 8 3176.36 166 
20 2522.85 14 2086.16 10 319323 7 

28 2524.29 14 2986.65 139 3196.93 116 
28 2527.43 14 2987.29 45 3199.53 Il7 
26 

. I 
2529.13 14 2990.39 190 3205.40 116 

I 
27 2535.61 14 2994.43 8 3207.07 120 
26 2540.97 14 2994.50 10 3215.94 117 
26 2545.98 14 2996.39 113 3217.38 118 

26 2549.61 14 2999.51 45 3219.58 117 
23 2584.54 49 3000.95 8 3222.07 117 
27 2606.83. 49 3005.31 138 3225,79 116 

27 2618.02 49 3007.28 10 3227.80 118 
25 2623.53 49 3008.14 8 . 3228.25 118 
24 2632.59 13 3009.09 137 i 3229.99 296 
23 2656.15 140 3009.57 45 ! 3~;SU.~1 119 

23 2669.49 140 3011.48 190 3230.96 liB 
23 I 2679.06 48 3015.92 137 3233.05 340 I 

22 

1 

2719.03 12 3016.18 45 3233.97 119 
19 2720.90 12 3017.63 8 3246.96 92 
20 2723.58 12 3018.14 138 3248.20 118 
19 2733.58 47 3018.98 45 3253.60 370 
20 2735.48 47 3021.07 8 3254.36 340 
21 2737.31 12 3021.03 10 3257.50 90 

19 2742.41 12 3025.84 8 3265.62 91 
18 2744.07 12 3026.46 45 3268.23 92 
50 2750.14 12 3031.63 45 3271.00 91 
18 . 2756.33 1? ~m7~9 8 3280.26 340 
20 . 2788.10 46 3039.32 138 3282.89 :169 
18 2835.46 II 3040,43 45 3284.59 91 
19 2869.31 II 3042.02 45 3290.99 92 
18 2874.17 11 3042.66 45 3292.02 :{6 I .l 

19 2894.50 113 3047.60 8 3292.59 91 
19 2899.42 113 30S3.07 III 3298.1;~ fin 
18 2912.16 9 3057.45 44 330S.97 91 

18 2920.69 66 3059.09 8 ::I:i06.8/' III 
18 2923.29 341 3067.24 44 :B07.:.:!:{ :Uf) 

17 2925.36 192 3068.17 6S :{:II 11.7·1 :1/,iI 

17 2929.01 9 3075.72 44 :1:\17.1 :! Ito 
17 2936.90 9 3083.74 H :UII).:~:; ~ : :-} ~) 

17 2941.34 Y ;)Ol)l,::,H ·t'l .\.l;o;:.·I: :::\(, 
17 2947.88 9 3098.19 iW} :~:{?:~ .','·1 :':'·1 
16 2953.94 9. 310(j'(,: 14 :1:1:::,11, 1 :~l; 

16 2954.65 112 3119.49 );\(i :":~:.m.ll/ :-::tf) 
16 2957.36 9 :{J20.·n 1::1) :n:\',',IJh IHH 

16 2965.25 9 :11:\,!.11 ,\'1 :ur;,I);"; IO'! 

16 2966,90 l) :11 Stl.27 :11 B :n:·,·I.()(, :'.:>,.\ 

16 2969.36 10 :{II,II.IlI, lit) :1:1;,;,.:.n :\:~I) 

16 2973.1;{ 0 :)161.0'; J'21 :U(,Q r,C, IHB 

14 2973.24 9 :3166.44 167 :3370.78 18H 
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List of tabulated lines--'-Continued 

Wavelength (t\) No. Wavelength (A) No. Wavelength (A) No. Wavelength (J\) No. 

3372.07 86 

I 

3531.44 132 :~606.68 184 3677.31 415 
3380.11 188 3534.53 435 3608.86 41 3677.63 182 
:i382.40 89 3536.56 200 3610.16 195 3678.86 105 
3383.98 86 3537.73 165 3610.70 197 3679.91 5 
3392.65 87 3537.90 201 3612.07 199 3681.64 232 
3:W4.58 87 3538;78 435 3613.15 198 3682.24 414 
3396.98 43 3540.12 202 3613.45 365 3683.05 5 
:~:~99.33 87 3540.71 41 3614.77 235 3684~11 183 
:)402.26 338 3541.08 200 3615.19 313 3686.00 227 
3406.44 368 3542.08 200 3615.66 63 3686.26 105 
:1407.46 87 3543.39 133 3616.15 313 3687.10 80 
3410.17 398 3543.67 397 3616.32 106 3687.46 39 
3411.35 187 3544.63 165 3617.79 277 3688.48 364 
3413.B 87 3548.02 277 3618.77 41 3688.88 129 
3417.27 43 3549.86 64 3620.24 198 3689.02 128 
3417.84 87 3551.11 195 3621.46 184 3689.90 294 
3418.51 87 3552.11 278 3622.00 185 

I 

3690.73 431 
3424.28 88 3552.83 195 . 3623.19 130 3693.01 254 
3425.01 295 3553.74 434 3624.06 314 3694.01 234 
:1427.12 86 3556.88 201 3624.31 107 3697.43 231 
3428.19 88 3559.50 278 3627~05 432 3698.60 274 
3428.75 447 3560.07 195 3628.09 82 3699.15 273 
3440.99 6 3560.70 365 3628.82 256 3701.09 227 
3443.88 6 3564~11 64 3630.35 197 3702.03 223 
344.').15 88 3565.38 42 3631.46 41 3703.69 231 
3447.28 85 3566.31 104 3632.04 217 3703.82 223 
:1450.33 85 3567.03 199· 3632.55 255 3704.01 276 
:H62.35 84 3567.37 . 133 3633.84 257 3704.46 181 -
3463.30 64 3568.42 195 3635.19 273 3705.57 '5 
3476.70 6 3568.82 366 3636.99 160 3707.82 5 
3477.85 85 3568.98 184 3637.25 130 3709.25 39 
3483.01 42 

I 

3570.10 42 3637.86 227 3711.22 158 
:148.').34 83 3571.22 63 363~.30 184 3711.41 275 

. 3493.28 64 I 3572.00 195 3640.39 185 3715.91 103 
:1493.69 186 3572.59 199 3641.45 197 3718.41 183 
;W;i5.::!'} 104 

I 
:157:1.39 366 3644.58 161 3719.93 5 

3496.19 134 3576.76 337 3644.80 314 3722.56 5 
3497.10 83 I 3578.38 195 3645.82 277 3724.38 103 
3497.84 6 . 3578.67 104 3647.84 41 3725.49 293 
3500.57 164 I 3::;01.19 41 3649.51 182 372u.9:~ 227 

3504.86 105 I 3582.20 336 3650.03 234 3727.09 229 
3505.07 278 I 3583.33 317 36.51.47 185 3727.62 :39 
3.506 . .50 108 

I 

3.')85.32 41 3653.76 130 3728.67 1.56 
3508.49 252 3525.71 11 3651.66 22 3730.39 291 

3509:12 200 3586.98 41 3655.46 223 3730.95 158 
3.509.87 83 

I 

3589.11 41 3657.14. 108 3731.37 154 
3.510.44 110 3.590.08 257 3657.89 235 3732.40 81 
3.511.74 164 . 3591.00 316 3658.55 159 3733.32 5 
3512.22 200 3591.35 195 3659.52 130 3734.86 39 
3513.05 64 3591.48 312 3661.36 128 3735.32 230 
3513.82 42 3592.47 163 3663.25 254 3737.13 5 
3S14.63 133 3592.67 313 3663.95 254 3738.31 335 
3516.41 258 3.592.89 82 3664.54 233 3739.12 80 
:~516.56 200 3593.32 315 3664.69 232 3739.32 79 
3518.68 201 3594.63 196 3666.94 63 3740.24 362 
3518.82 83 3595.30 196 3667.25 314 3742.62 229 
::S5~U.t!.') 164 359.5.86 131 36613.21 312 3743.36 39 
3521.84 83 3596.20 131 3668.89 157 3744.10 227 
3.522.27 200 3597.02 313 3669.15 255 3745.56 5 
3522.90 203 3598.72 367 3669.52 182 3745:90 5 
3523.31 200 3599.62 433 3670.09 254 3746.49 78 

3524.08 165 3602.08 I 196 3670.81 108 3746.93 228 
3.524.24 108 3603.20 

I 185 3672.69 130 3748.26 5 
3.527.79 200 3603.67 162 3674.77 223 3749.48 39 
3529.22 200 3603.B2 

I 
277 3676.31 158 3751.06 363 

::1530.39 200 3605.45 184 3676.88 231 3751.82 179 
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List ot tabulated lines-Continued 

~'avelength(A) No. Wavelength .(A) No. 'Wavelength (A) No. Wavelength (A) No. 

37S:).lS 127 3813.63 177 3902.95 62 3983.96 172 
3753.61 78 3813.88 454 3903.90 251 3985.39 358 
3754.51 228 3814.52 40 3906.48 4 3989.86 411 
3756.07 79 3815.84 62 3906.75 360 3990.37 290 
3756.94 430 3816.34 78 3907.47 178 3994.11 289 
:n57.45 360 3817.64 384 3907.93 175 .. 3995.20 331 
3758.23 39 3819.50 386 3909.66 309 3995.98 173 
:H60:05 127 3820.43 38 3909.83 221 3996.97 489 
:n60.53 81 3821.18 334 3910.84 178 3997.39 174 
3761.41 156 . 3821.83 150 391LOO 307 3998.05 172 
:)762.21 388 3824.44 4 3913.63 101 4000.27 301 
3763.79 39 3825.88 38 3914.27 311 4000.46 250 
3765.54 334 3826.84 177 3916.73 332 4001.66 77 
3766.09 155 3827.82 62 3917.18 38 4003.76 393 
:)766.67 228 3829.13 490 3919.07 252 4005.24 60 
:n67.19 39 3829.77 152 3920.26 4 4006.31 330 
3768.0:1 78 3833.31 150 3920.84 311 4007.27 172 
3770.:)0 179 3834.22 '38 ~ 

3922.91 4 4009.71 77 
3771.50 333 

, 
3836.33 360 31)2:>.~O :511 4010.18 475 

3773.36 293 
i 

3837.13 150 3927.92 4 4(H 1.42 148 
3773.70 228 3839.26 292 3930.30 4 40~I..71 115 
:)774.82 . 78 3839.61 511 3931.12 309 4014.53 428 
;S775.8() 179 3840.44 38 393G.31 219 4017.15 290 

3776.45 80 3841.05 62 3937.33 174 40i8.28 305 
:H77.06 253 3843.26 291 3940.88 38 4019.05 149 
3777.45 153 3845.17 103 3941.28 307 4020.49 476 
3778.32 222 3845.69 413 3942.44 221 4()21.87 174 
3778.51 360 3846.00 386 3943.34 77 4024.11 172 
3778.70 78 3846.41 429 3944.75 220 4024.72 305 
:n81.19 79 3846.80 360 3944.89 252 4030.18 77 
:)781.94 478 3848.29 151 3945.12 175 4031.96 357 
:)782.45 2:10 3849.96 38 3946.99 306 4032.63 61 
:)782.61 274 3850.82 40 3948.77 331 4036.37 173 
3785.71 334 3852.57 78 3949.14 395 4040.64 357 
378.').95 127 3853.46 251 3949.95 77 4044.61 218 
3786.19 222 3856.37 4 3951.16 358 4045.81 -60 
H86.68 40 3859.21 126 3952.60 174 4049.34 14.8 
:787.16 477 3859.9·1 4 3953.15 252 4051.92 383 
:787.88 .j9 3863.74 175 ; 3953.86 219 4054.18 302 
:789.18 180 3865.52 38 3955.34 307 4054.87 382 
H89;82 38S 3867.22 271 3955.96 271 4055.03 148 
.1790.09 40 3867.93 150 3956.45 331 4057.34 173 
3791.50 153 3871.75 251 3957.02 307 4058.22 303 
.1791. 7;i 350 

i 

3672.50 38 3960.28 476 40:i8.7j 101 

3792.15 179 3872.92 178 3961.15 220 4059.73 410 
3792.83. 79 3873.76 126 3962.35 310 4062.44 218 
3793.87 222 3876.04 40 3963.10 307 4063.59 60 
3794.34 127 3878.02 38 3961.52 220 1065.-10 382 

3795.00 39 3878.57 4 3966.06 62 4066.59 249 
3797.95 150 3883.28 359 3967.42 331 4067.27 147 
3798.;,)1 39 3884.36 176 3967.96 306 4067.98 304 
3799.55 39 388S 1 S ?S? .'~QM.2n 60 

, 
4069.08 302 

3801.68 222 3885.51 103 3969.63 356 4070.77 :103 
3802.00 387 3886.28 4 3970.39 271 4071.74 tlO 
3802.28 361 3887.05 38 3971.32 173 ·1-0n.7h :lO:\ 
:~804.01 385 3888.51 62 3973.65 412 4074.7/} 21!R 
3805.35 334 3888.82 271 3974.40 308 10711.2:\ 270 
3806.22 396 3890.39 311 3974.77 77 ·1-07(1.I~:! :~IJ:) 

:~806.70 333 3890.84 175 3975.21 J IS ·1-07(1.:)1; 147 
3807.54 78 3891.93 394 397S.85 ;102 1071). III :n!:; 
:~808.29 272 3893.39 252 3976.61 :\1101 ·1-07-U:\·l 2JH 
3808.73 lsi 3895.66 4 3977 .71 77 'lHll).~1 :1(J:l 

:)809.04 222 3897.45 251 :W79.6:) :iO(J 40BO.Bt) :m2 
:)810.76 361 3899.0:1 126 : :WHO.()S lIS ·1-0B2.Ja 382 
3811.89 179 3899.71 4 .W8l.11 I JIJ2 4082.4'1 471 
3812.96 40 3900.52 309 :N81.n i 174 4084,49 382 
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Lisl of tabulated lines-Continued 

\Vavelength (A) No. Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. 

408S.00 
! 

217 ) 4170.90 269 42.')8.31 3 4377.80 352 
405.').30 

! 
;}()4 4171.69 488 

\ 

,1258.62 211 4.~R2,77 425 
4·08S.98 550 4171.90 355 4258.95 246 4383.54 58 
4087.09 .i79 4172.12 354 4260.47 114 4384.68 265 
4088.57 474 4172.74 37 4264.20 :~77 4387.89 266 
,1089.22 24.7 4.17~ ~? 213 4264.74 509 4388.41 446 
4090.09 :~83 4173.92 37 4,266.96 170 4389.24 2 
4090.98 :~80 4174.91 37 4267.83 269 4390.46 241 
4091.55 216 4175.64 216 4268.75 354 4390.95 242 
4092.46 36 4177 .. ')9 36 4271.15 114 4.191.87 .')08 
4095.27 551 4181.75 216 4271.76 59 4392.58 498 
409S.97 147 4182.38 267 4275.72 146 4395.29 444 
4097.10 30:1 4182.79 379 4276.68 501 4401.29 444 
4098.18 303 4183.03 381 4277.41 145 4401.44 210 
4100.74 :16 4184.89 213 

I) 

4278.23 376 4404.75 58 
4101.27 :~82 4187.04 114 4279.48 509 4407.71 73 
4101.68 101 4187.79 114 4279.86 211 4408.41 73 
4104.97 :179 4189 . .')6 487 4280.5:1 328 4409.12 :352 
4106.:.!7 141 4191.08 21;) 4282.40 76 4413.40 537 

4106A4 381 4196.21 :178 4284.42 244 4415.12 58 
4107,.:1·9 215 4196.53 245 4285.44 327 4422.57 210 
4108.13 :104 4198.30 114 4285.83 471 4423.14- 240 
4109.07 :30;) 4198.64 378 1286,;14 24.2 4.4.2~.R4. 446 
4109.80 216 4199.09 287 4288.15 170 4427.31 2 
4112.:15 :180 4200.09 509 4288.96 145 4430.19 263 
4112.96 567 ! 4200.92 :m'i 4290.38 243 4430.61 73 
4114"+.1 215 i 4202.03 59 4290.87 211 4432 .. 57 424 
iH \4 .. 96 :~80 4203.67 620 4292.13 75 4433.22 446 
4118.54 427 4203.94 45:~ 4292.29 75 4433.78 442 
4118.90 :~O4 4205.54 37.5 4294.12 58 4435.15 2 
4120.21 248 4206.70 :1 4298.04 285 4436.92 282 
i~121.80 214 4207.13 212 4300.21 500 4438.34 444 
4122 . .51 214 4210.34 114 4300.83 SOl 4439.63 281 
4125.88 215 4213.6.1 213 4302.18 285 4439.88 99 
-1-126.18 :~80 4216.18 3 4:~04.54 242 4440.48 44S 
4126.88 21 S 4217.5.1 378 4305.20 406 4440.82 508 
4127.61 216 4219.36 426 4305.45 266 4442.34 73 
4129.22 :182 4220.05 510 4307.90 59 4442.83 74 
4129.46 .180 4220.34 269 4309.03 452 4443.19 210 
'}J.~2.0tl 00 4222.21 114 4:~0').a7 212 4.4.4.5.4.7 2 

41 :~2.90 21S 4224.17 37.') 4310.37 510 4446.83 444 
41:1:1.86 382 4224.S1 375 4315.08 76 4447.13 74 
41;{4,(l8 21S 4225.45 378 4317.04 408 4447.72 73 
41:16.51 379 4225.96 286 4325.76 59 4450.32 266 
·n:r;-.oo 392 4226.42 212 4326.75 241 44.')0.77 497 
41:17.42 567 4229.75 58 4327.09 407 4452.62 495 
41:19.9:1 :16 4230 .. 58 268 4327.92 327 4454.38 210 
414l.8() 247 4232.73 3 4337.0S 58 4455.03 499 
414·2.6:1 567 4233.60 114 4338.26 75 4456.3:1 282 
414;~.87 60 423S.94 114 4343.28 352 4456.63 498 
414.').21 171 4237.07 37 4343.70 283 4459.12 73 
4146.06 247 4237.67 245 4346.55 328 4461.65 2 
4147.67 59 4238.81 :178 4347.24 2 4464.77 26.1 

4149.:17 :n9 4239.36 473 4347.85 444 4466.55 210 

4150.2.5 :180 4240.37 409 4348.94 242 4466.94 508 

4152.17 :16 4241.11 211 4351.54 240 4469.37 446 
415:1.90 380 4242.7:1 ;i~4 4352.73 76 4471.68 2 

415·1.80 ~n9 424:3.79 ! 510 4;{58.50 240 4478.04 74 

4156.80 216 4245.26 212 4360.81 470 4481.61 443 
41.')8.79 380 4246.08 472 4365.90 241 4482.17 2 
"~ 16\.08 :ns 4247.43 378 4367.58 242 4482.74 444 
41bl.48 247 4248.22 269 4367.90 58 4483.78 469 
4Ih7.8() :~29 4249.:~2 100 4369.77 284 4484.22 444 
4168.<>:1 :)7.') 4250.12 114- 4:172.99 264 448S.67 44() 

4168.94 :579 4250.79 59 4374.50 :i53 4485.97 442 

4169.78 378 4253.55 620 4375.93 2 4487.74 326 
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List of tabulated lines-Continued 

Wavelength (A.) No. Wavelength (A) No. Wavelength (A.) No. Wavelength (A.) No. 

4488.1:3 437 4638.01 440 4813.11 347 5012.07 35 
4489.74 2 4643.46 438 4817.77 72 5012.68 562 
.4490.08 262 4647.43 238 4834.51 98 5014.94 492 
4492.68 495 4649.82 323 4835.87 547 5021.89 344 
4494.05 ' 498 4657.59 206 4838.51 373 5022.24 492 
4494.56 73 4658.29 324 4839.55 321 5023.23 564 
4495.57 443 4661.53 616 i 4840.32 547 5023.50 588 
4495.95 442 4661.97 238 4841.78 549 5027.76 572 
4502.59 423 4663.18 404 4842.79 548 5029.62 389 
4504.83 300 4669.17 439 4843.14 373 5030.77 320 
4514.18 281 4673.16' 438 4844.01 400 5031.90 588 
4515.16 194 4673.28 440 4848.90 97 5048.43 505 
4517.53 263 4674.65 57 4849.67 421 5049.82 97 
4518.43 325 4678;85 439 4854.89 536 5051.63 35 
451 A ·SA 74. 4.tl7Q?'?' ~74 4RS9.13 547 5054.64 465 
4523.40 445 I 

4680.29 56 4859.74 19,3 5056.00 587 
4525.88 194 I 4682.56 226 i 4860.98 374 5056.86 573 
4527~78 351 4683.57 206 4869.45 401 5058.00 494 
4528.61 73 4685.03 ! 207 4870.05 506 5058.50 465 
4531.15 56 4687.39 207 4871.32 193 5060.08 1 
4533.13 351 4690.14 438 4872.14 193 5067.15 561 
4537.67 326 4691.41 238 4873.74 347 5068.77 225 
4541.94 325 4700.19 486 4875.87 373 

1 
5074.75 563 

4542.41 468 4701.05 438 ' 4876.19 345 5079.74 35 
4547.02 56 4704.95 439 4877.61· 226 5080.95 320 
4547.85 405 4705.46 402 4878.21 193 5083.34 35 
4551.65 497 4707.27 299 4890.75 193 5088.16 546 
4554.47 194 4712.10 261 4891.49 193 5090.78 559 
4556.9:~ 350 4714.07 615 4892.87 549 5099.09 492 
4560.09 441 4714.19 324 4896.44 505 5104.04 260 
4565.:H 351 4726.14 226 4903.31 193 5104.21 561 
4565.66 299 4729.02 532 4905.13 507 5104.44 559 
4566.51 351 4729.68 374 4907.73 373 5107.45 .35 
4566.99 391 4733.59 55 4911.52 , 566 5109.65 558 
4571.44- 194 4734.10 580 4911.78 505 5110.41 I 
4572.86 437 4735.84 535 4917.23 546 5115.78 419 
4574.21 299 4736.77 299 4918.01 549 5121.64 564 
4574.72 98 4737.63 322 4918.99 193 5123.72 35 
4579.82 262 4740.34 238 ' 4920.50 193 5125.11 559 
4580.58 443 4741.53. 206 4924.77 97 5126.19 558 
4581.51 300 4745.13 72 4927.42 420 5127;36 35 
4587.B 422 4749.95 615 4930.31 506 5127.68 I 
4587.72 496 4765.48 57 4939.69 35 5129.63 492 
4592.65 56 ' 4766.87 374 4945.64 575 5133.69 561 

, 4593.5:-1 496 4771.70 72 4946.38 373 5136.09 530 
4.195.36 326 4776.07 349 4950.10 ' 373 5137.38 559 
4596.06 4:~8 4779.44 390 4961.91 451 5143.73 70 
4596.41 441 4780.81 347 4962.56 565 5145.09 71 

, 4600.9.1 324 4785.96 534- 4966.09 373 5140.30 588 
4602.00 56 4786.81 261 4968.69 466 5150.84 35 
4602.94 56 4787.83 226 4969.92 546 5151.91 35 
4603.34 208 478R76 321 4970.50 464 5159.06 560 
4603.9.':. 239 4769.65 403 4973.10 505 5162.27 550 
4613.20 299 4790.56 547' 4978.60 493 5164.55 596 
4614.21 350 4790.75 346' 4986.22 549 5166.28 I 
4618.76 238 4791.25 348 4988.95 .546 5167.49 54 
4619.29 439 4793.96 279 4991.27 545 5168.90 I 
4625.04 299 4794.36 98 4991.86 563 5171.60 53 
46:~0.12 98 4798.26 535 4992.80 572 5177.23 485 
4631.48 589 4798.73 55 4993.68 573 5178.80 596 
4632.91 .56 4799.41 467 4994.13 35 5180.07 596 
4633.76 239 4800.13 226 4995.41 57!) 5184.26 558 
4635.62 194 4800.65 5:~5 1999.11 s:-{:\ 5187.91 530 
46:\5.8.1 209 4807.71 374 5001.86 492 5197.93 560 
4636.66 280 4808.15 347 S002.79 :~ 7:) 5198.71 71 
4637.50 299 4809.94 421 5004JJ4 574 5202.34 71 
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List of tabulated lines-Continued 

Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. 

5204.58 I 5393.17 298 5559.64 628 5778.47 144 
5207.95 463 5394.68 529 5S60.23 594 5780.62 297 
3208.:;9 295 !)39!).2!) 551 55tl5.tlO :>4;) :>tH4.bl} 372 
522:U9 463 S397.13 34 5567.40 144 5791.04 297 
5224.30 70 5398.29 S83 5568.81 458 5793.93 555 
5225.5:~ I 5400.50 583 .'1.'169.62 372 5798.19 504 
5228.41 560 5401.27 584 5572.84 372 5804.06 491 
52:~2.94 22S 5405.77 34 5576.09 372 5804.48 556 
S236.19 531 5406.77 586 5584.77 416 5805.76 629 
S241.90 588 5409.13 58S 5586.76 372 5806.73 604 
S242.49 450 5410.91 595 5S87.58 525 5809.25 504 
5243.78 558 5415.20 595 5594.66 606 581 \.93 522 
5247.05 I 5417.03 586 5598.:30 607 5814.80 555 
5249.10 596 5421.85 607 S61 S.64 372 5815.16 540 
S250.21 I 5424.07 584 5617_22 ~4.? SHIh 36 603 
S25:).0:) 96 5429.70 34 5618.65 569 5827.89 297 
525:3.46 298 54:)2.95 581 5619.60 592 5833.93 144 
5254.96 I 5434.52 34 5620.53 542 5835.10 554 
5262.89 343 5436.:30 592 5624.06 591 5837.71 577 
526::UO 298 5436.59 96 5()24.54 - 372 5838.42 491 
S263.87 418 S441.32 582 56:33.97 630 5849.67 479 
S266.SS 22S S44S.04 S93 56:35.85 557 5852.19 602 
S269.54 34 5446.92 34- 56:)6.71 456 5853.18 52 
527(U6 54 5461.54 583 56:38.27 556 5855.13 603 
S279.6S :319 5463.27 59:3 SMO.46 614 5856.08 S76 
5280.:)6 463 5464.29 528 5641.46 556 5858.77 554 
5281.79 225 546639 582 .1(>42.7.1 608 5873.21 556 
:;Z8;).()2 295 5470.17 :>82 ~()4;~.l)4 ~:ll S877.77 SS:) 
5284.42 449 5472.72 570 5649.66 448 5879.49 613 
5284.62 5.10 5473.18 544 5650.01 630 5880.00 613 
5285.12 596 5473.90 543 56S0.71 630 5881.28 602 
5299.5:~ 494- 5478.48 ,,4:3 ,,6,,1.47 392 368;j.64 304 

529:3.0:) 595 5480.87 543 5652.32 570 5892.80 68 
529:).97 529 5481.25 541 5653.89 590 5898.21 62S 
5294.56 461 5481.45 542 5655. j 8 630 5902.52 618 
5295.:)2 584 5483.11 542 5658.82 372 5905.67 605 
5298.79 461 5487.16 581 5660.79 457 5909.99 297 
5:300.41 619 5487.74 524 5661.36 570 5916.25 125 
5:302.:)0 298 5489.85 586 5662.94 480 5927.80 599 
5:307.:36 5:) 5491.84 529 5667.67 144 5929.70 600 
5:315.07 585 5493.51 542 5679.02 607 5930.17 604 
S:319.22 526 5494.46 52:3 5680.26 525 5934.66 504 
5:320.05 462 5497.52 34 5686.53 606 5940.97 553 
5:321.11 595 5501.46 34 5691.51 556 5952.75 491 
S:)22.04 95 5506.78 34 5696.10 603 5956.70 33 
;i:324.18 298 5512.28 581 5698.05 455 6003.03 491 
S:328.04 :34 S517.08 571 5698.37 578 6012.21 69 
5:329.99 527 S522.46 570 5702.43 458 6016.66 :N9 
5:B2.67 529 5525.SS S43 S705.48 5S6 6020.17 602 
5:3:~9.9:3 298 5528.89 592 5705.99 607 6024.07 602 
5:~41.02 S4 5529.1.') 460 5707.07 457 6027.06 SI9 
S:349.74 593 55:~ 1.95 627 5708.11 592 6055.99 625 
G:IG:J.:19 343 !'i!'i32.7!'i 417 !'i709.35 372 0002.59 08 

5:361.64 581 55:36.59 205 5711.87 556 606S.48 14:~ 

5364.87 584 5539.28 459 5712.15 372 6079.02 600 
5:~67.4-7 584- 5539.8:1 579 5717.85 569 6082.72 69 
5%9.96 591 554~.15 481 5nl.77 556 6085.27 169 

5:371.49 34 5543.94 54.1 S732.29 629 6089.57 6:)1 
S:37:UI S96 5546.51 S83 5741.86 555 6093.66 601 
5376.85 579 S547.00 542 5742.95 554 6094.42 601 
S:n9.57 483 SS49.66 630 5747.9.1 606 6096.69 491 
5:38:U7 584 5549.94 481 5753.12 569 6137.69 14:3 
5:mS.S8 482 5552.70 627 57S4.41 4S8 6141.73 436 
S:386 .. 14 544 5S5:3..,)9 592 S760.35 45S 6147.85 SI8 
5:387.51 S29 5554.89 607 5762.4:3 456 6151.62 67 
S:~89.48 583 5557.% 593 S762.99 569 6157.73 517 
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List of tabulated lines-Continued 

\Vave!ength (A) No. Wavelength (A) No. 

hl{):).:>{) 69 6344.1:> 124 

6165.37 519 6355.04 204 
6170.49 626 6:~58.69 32 

61n.:~4 67 6362.89 520 

6180.22 169 6364.38 621 

6188.04 491 6380.75 517 

6191.56 124 6393.60 123 

6200.32 14:{ 6400.00 436 
6215.15 519 6411.65 436 
6226.77 50:~ 6419.98 624 
6229.2:~ 204 6421.35 94 
62:{0.7:1 143 6430.85 67 
6240.66 69 6462.73 123 

6246 .. 32 436 6469.21 624 
()252..,)5 124- 0475.03 142 

6254.26 94 6481.88 93 
6256.:1( 124 6494.98 123 
6270.24 204 6495.78 621 
6:271.29 a71 611)6.16 624 

628().6:~ :-12 6498.95 32 
6297.80 67 6518.38 204 
6:-l11.S1 204 6533.97 612 
6:HS.81 :>16 6546.24 168 
6;{;{0.86 622 6569.23 621 
6:{:{6.84 4:{6 6574.24 .32 
6:n8.90 624 6575.02 142 

From the large number of articles containingf-value data on Fe I, 

we have selected most of the recent experiments (refs. [1-20J) for 
this tabulation. Most of the material is taken from two very compre

hensive sources, the stabilized-arc emission experiments by May et 

al. [5J and by Bridges and Kornblith [4]. 
We established the absolute scale by utilizing accurate data for 

the principal resonance line at 3719.93 A. The atomic beam work 

by Bell and Tubbs [20J yields the f-value of this transition directly, 

and lifetime measurements of its upper level, z 5F~, may also be 
converted into f-values, since the other downward transitions 

contribute-at most-a few additional percent to the total lifetime 

and can be approximately corrected for. Very accurate lifetime 
mea::.utellll::llb uf thi:s upper level have Leeu perfurmed by Wagner 

and Otten [16J, who used the method of optical double resonance; 

Klose [1 7J, who used the delayed coincidence technique; Hilborn 

and de Zafra [18J, who employed the Hanle effect; and Brzozowski 

et al. [19J, who used the high frequency deflection technique. The 

average f-value resulting from these four lifetime measurements and 

the atomic beam experiment isf = 0.0413, with a standard devi
atiuIl uf the mean of unly ::t 1 % (these lifetime data are given in 

table 1 of the general introduction). This f- value (obtained by includ - . 

ing the effects of the other weak transitions involved) is estimated to 

have an overall uncertainty not to exceed five percent and forms the 
basis of the absolute scale for this spectrum, to which all other 

measurements discussed below were normalized. (For most refer

ences, changes (usually small) in the absolute scale had to be made, 

and we have indicated this by an "n" in the reference column.) 

The spectrum of Fe J is very rich in lines of moderate strength in 

the visible and near uv. Recently, two large-scale measurements of 

relative I-values were carried out by May et aJ. [5J and by Bridges 
and Kornblith [4J for this spectral range. Both experiments were 

Wavelength (A) No. Wavelength (A) No. 

6:>81.22 ;)1 6843.67 597 

6592.91 168 6857.25 SIS 
6593.88 123 6858.16 597 

6597.61 621 6862.48 610 

6608.03 93 6885.77 597 

6609.12 142 6916.70 539 

6627.56 598 6988.53 122 

6633.44 624 6999.90 538 

6633.76 612 7000.63 514 
6634.10 624 7008.01 552 

6677.99 168 7016.08 93 

6703.57 168 7016.44 538 

6713.76 623 7022.98 538 

6715.41 598 7024.08 513 
6733.10 011 7024.(j5 009 

6750.15 94 7038.25 538 

6752.72 611 7038.82 552 
6786.88 S39 7068.42 512 
6806.85 168 701)0.40 538 

6810.28 612 7095.43 568 

6820.43 612 7107.46 514 
6828.61 611 7112.18 237 

6837.00 617 7130.94 538 
6839.83 141 7132.99 512 

684U5 611 7912.87 31 
6842.67 612 8075.13 31 

performed in emission with stabilized, steady state arc sources. The 

most comprehensive set of data on this spectrum is the one measured 
by May et al. [5J, who determined relative oscillator strengths for 

over 1000 lines with a convection stabilized arc and employed 

photographic detection. Bridges and Kornblith determined data for 

. 534 lines with a more . sophisticated photoelectric data acquisition 

technique; this included a self-regulating system for the arc 

discharge in which fluctuations in the spectral line signals were 

monitored and controlled in order to maintain stability in the arc 
chamber. Since the data of May et al. and of Bridges and Kornblith 

overlap for 168 lines, we were able to make sev~ral graphical 

comparisons (figs. 3-'5), plotting log gf(May et al.) -log gf{Bridges 
and Kornblith) (in the graphs denoted by ~log) vs wavelength, vs log 

gf (of ref. [4 J), and vs upper energy level. These studies show that 

the mutual scatter is only about ± 0.1 dex and essentially random, 

i.e., there are no intensity or energy level dependent trends. How

ever, there is some marked disagreement between the j~values of 

refs. [4J and [5J for the lines of shortest wavelength, especially A = 
3495.29,3699.15,3540.12, and 3521.84 A. This may be due to 
scattered light problems for the radiometric standards at short wave

lengths. Since Bridges and Kornblith took this problem into lH:count 

by application of appropriate filters, WI~ us(~d their data exclusively 

in these cases. 
The data of Bridges and Kornblith could IH~ StJbjf~ct('d to unotlwr 

important check: tlwy overla!, for 69 lilws wittl th(~ data of Blackwell 

et aJ. [1 ,3J (to lit! dis(,lIss(~d later) whit:h are of outstandillg llecuracy. 

The comparison, illilstral«:il in figlln~ (), shows 'I"ite good agreement; 

f(')r example, 7 H'.!; , of tlw data an' within 2Sr;;;. of each other. Never

theless, tllt~n~ are a few diff(~rellCes olltsidl~ tite mutually estimated 

lIncerlainti(~s. The graphical comparison also ilJdicates: (a) a system
alic trend ill the data with line intensity (or log g/), (b) a small 
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[4J) vs wavelength (A). 

difference in absolute scales, and (c) a serious disagreement for the 
4427.31 A line. (a) The trend is probably due to two unrelated facts. 
First, the weak lines measured by Bridges and Kornblith, which have 
lower accuracy ratings, appear to be systematically too strong, a 
tendency which has also been observed for some other emission 
measurements of iron group elements. Secondly, the log gf-values 
for the strongest lines measured by Bridges and Kornblith may be 
slightly too small because of undetected minor amounts of self
absorption present (Bridges and Kornblith note that their self
absorption check is good to only a few percent). (b) The small 
difference in absolute scales is not unexpected, on account of the 

different normalization procedures employed. Bridges and Kornblith 
. used an average based on vanous hfetlme data mvolvmg numerous 
lines, while Blackwell et al. utilized only the very accurate data for 

the resonance line at 3719.9 A. Since the high precision measure
ments of Rlackwell et aL comhinf~rI with these resonance line rlata 
determine the absolute scale very accurately, we have used that 
scale to renormalize the data of Bridges and Kornblith. Considering 
only the most accurate data of ref. [4], i.e., those designated by a 
10% ("a") accuracy (see fig. 6), we found the log gf-values of these 
lines to be, on the average, about 0.03 dex or 7% greater than those 
measured by Blackwell et al. We have thus lowered all log gf-values 
of Bridges and Kornblith by this amount. Since May et al. nor

malized their scale to that of Bridges and Kornblith, we have accord
ingly lowered all their log gf-values by 0.03 as well. (c) A serious 
disagreement between Blackwell et al. and Bridges and Kornblith is 
seen in the case of the 4427.31 A line. Here, the f-value of ref. [4 J 
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Fl<:l1BE 4. Plot of Alog = log g(May et al. [5]) - log g«Bridges and Kornhlith 

[4]) vs log gf (Bridges and Kornblith). 

is greater than that of ref. [IJ by a factor of 3.5. A likely reason for 
this discrepancy may be the blending of the 4427.31 A line, the 
a 50 3 - Z 7F? transition, with another line at 4427.30 A, the 
z ~p~ ~ g ~02 transition. The arc of Bridges and Kornblith is capa
ble of exciting both the z 7F~and g sDzlevels, hence producing the 

blended feature, whereas Blackwell's furnace, operating at a much 
lower temperature, excites preferentially the z iF~level. Therefore, 
we have tabulated only the data of Blackwell et al. for this line . 

After the few apparently unreliable f-values from ref [4] were 

eliminated, data for over five hundred lines remained. We have 
lItili7.erl these as the principal reference source of accurate I-values 
for Fe I and have normalized and/or compared the other, much less 
comprehensive data sources (to be discussed later) to it. Our error 
estimates for the very weak and very strong lines were adjusted to 
reflect the possible deficiencies detected by the comparison with the 
data of Blackwell et al. [1,3], as discussed above. Blackwell et al. [3J 
also suggest a temperature error in the data of Bridges and Korn· 
blith. However, we have found no indication of this from our detailed 

graphical comparisons. We should also note that temperature errors 
in the experiment of Bridges and Kornblith are minimized, since 
their absolute scale is based on numerous lifetime data for levels 

spanning a large range of excitation energies. 
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level. 

The most accurate relative oscillator strengths for Fe J are pro· 
vided by the absorption experiments of Blackwell et al. [1-3]. Their 
work centers on lines originating from the ground state or states of 
very low excitation potential. An extremely stable and well diagnosed 

King.type furnace was used as the absorption tube, and intensity 
ratios were determined photoelectrically for various line pairs, which 
by appropriate overlaps were built up to a network that could be 
cross· checked and optimized for internal consistency. The relative 

data thus obtained-which span a large range of gf.values-were 
e~timated to be accurate to within 0.5 percent. 

The fourth important data source is the experimental work by 

Huber and co·workers [6,7,11,12,13J which makes use of the 

anomalous dispersion and absorption techniques. Additional, smaller 
sources of data, which were utilized to supplement our material, are 

the branching ratio emission experiment of Martinez-Garcia et aJ. 
[8J with a hollow cathode source, the shock tube emission work of 

Wolnik et aJ. [9,14,J, and the emission experiments with stabilized 
arcs by Garz and Kock [10 J and Richter and Wulff [15]. 

All these data were extensively intercompared in a series of 
graphic plots to establish their mutual consistency and, if necessary, 

to find appropriate renormalization factors. Normally, Lllog was 
plotted versus upper energy level for emission work and versus lower 
energy level for the anomalous dispersion and absorption experi. 

ments. Furthermore, Lllog was also plotted versus wavelength and 

versus log gf. The material by Bridges and Kornblith or by May et 
al. served as reference material since their work covered so many 

lines. The graphs, of which figs. 3-6 plus figs. 1 and 2 of the general 
introduction are samples, are instructive indicators of systematic 
trends which are dependent on upper or lower energy level, the 

magnitude of log gf, or the wavelength. Several disagreements in 
absolute scales were. readily detected, and in three cases an energy 

level dependent trend was noticed and a least squares fit was then 

performed for a renormalization. In other cases no renormalization 
waa required at all. The rcaulting rcnormalization factor::; orc ::;hown 

in the following table. 
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lines for whi(~h the .(values of Bridges and Kornblith are denoted by them 

to be accurate to within 10',;;;, ("a" accuracy in their notation), while solid 

triangles are used for lines with uneertaillties greater than 10';;,. 

The graphs are also a very good indicator of the scatter in the 
various sets of data. By intercomparing all overlapping data, one can 

readily isolate the principal sources of scatter. Our error estimates 
take this into account, in addition to an evaluation of the critical 

factors involved in each method and the error statements provided 
by the IlUthor5. When overlap5 in the data occur we have 5e1eeted 

the very precise data of refs. [1-3J as our first choice. Next, we have 

given equal weight to the data of refs. [4-8J, averaging them when 

they overlap. Data from refs. [9-15J were tabulated with equal 
weight too, but only in those cases where no material from the earlier 

cited authors was available. In toto, we have compiled f-value data 
for 1630 lines. 

In this compilation, we have generally omitted blended lines. 

Wavelengths have been taken from the work of Crosswhite [21]. 
Energy level values and term designations as listed in our multiplet 

column have been taken from the compilation of Reader and Sugar 
[22]. Particular attention was paid to the fact that the designations 

of some energy levels and multiplets have changed from the original 

J. Phys. Chern. Ref. Data, Vol. 10, No.2, 1981 

classifications by Moore [23,24]' Also, some multiplet designations 

appear to be identical as we have listed them, for example, Nos. 20 
and 26 in our tables, since the present setup does not completely 

identify the multiplets by their respective transition arrays. For 

further details on multiplet and term designations the reader is 

referred to ref. [22]. 
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Note Added in Proof 

Dr. Blackwell has informed us (private cOrl1munication, 1980) 
that errors due to possible blends may be present in his log gf-values 
for four lines. He has recommended that the following lines be 

withdrawn from consideration: 4427.31A, 3812.96A, 4602.94A, 
and 4733.59 A. We comply with Dr. Blackwell's analysis and 
therefore request that the readers of this compilation view the 

f-values for these lines as being unreliable. 
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Fe I: Allowed transitions 

i 

f..~(cm-I) i gl ! No. Multiplet ;VA) f.~(cm-I) gi Ali 00" 5-') j;. -"(at. u.) log g( Accuracy Source 

1. II "I) - ;; 71)0 

(1) 

5166.28 0.0 19351 9 11 1.45( - 5)" 7.09(-6) 0.00109 -4.195 B+ 1 

5247.0S 704.0 19757 5 7 3.92(-6) 2.26(-6) 1.96(-4) -4.946 B+ 1 
5254.96 888.1 19912 3 5 8.32(-6) 5.74(-6) 2.98(-4) -4.764 B+ 1 

5250.21 978.1 20020 I 3 9.30(-6) 1.15( -5) 1.99(-4) -4.938 B+ 1 

5110.41 0.0 19562 9 9 4.93(-5) 1.93(-5) 0.00292 -3.760 B+ 1 
5168.90 415.9 19757 7 7 3.83(-5) 1.53( -5) 0.00183 -3.969 B+ 1 
5204.58 704.0 19912 5 5 2.29(-5) 9.31(-6) 7.98(-4) -4.332 B+ 1 

5225.53 888.1 20020 3 3 1.32(-5) 5.42(-6) 2.80(-4) -4.789 B+ 1 
5060.08 0.0 19757 9 7 1.3(-6) 3.9(-7) 5.8(-'--5) -5.46 B+ 2 
5127.68 415.9 19912 7 5 3.80(-7) 1.07(-7) 1.27( - 5) -6.125 B+ 1 

2. 1/ ;'1) - ;; 7Fo 

(2) 

4:n5.93 0.0 22846 9 11 2.95(-4) 1.03(-4) 0.0134 -3.031 B+ 1 
4427.31 415.9 22997 7 9 3.42(-4) 1.29(-4) 0.0132 -3.044 B+ 1 
4401.0:' (U4.U ~;Hll :, I ~.Y:'l-4) 1.~Jl-4) U.UUYUO -J.~lU B+ I 

4482.17 888.1 2:~192 3 5 2.10(-4) 1.05(-4) 0.00466 -3.501 B+ I 

4489.74 978.1 23245 1 3 1.19(-4) 1.08(-4) 0.00160 -3.966 B+ 1 
4347.24 0.0 22997 9 9 1.23(-6) 3.49(-7) 4.49(-5) -5.503 B+ 1 
4445.47 704.0 23192 5 5 2.45( 6) 7.24( 7) 5.30( 5) 5.441 DI I 

4471.68 888.1 23245 3 3 1.12(-6) 3.37(-7) 1.49(-5) -5.995 B+ 1 
4389.24 415.9 23192 7 5 1.81(-5) 3.73(-6) 3.77(-4) -4.583 B+ 1 
4435.15 704.0 23245 5 3 4.72(-5) 3.36(-6) 6.10(-4) -4.379 B+ 1 

:-l. II ;'1) _ ;; 7po 

(:-~) 

4216.18 0.0 23711 9 9 1.84(-4) 4.90(-5) 0.00611 -3.356. B+ 1 
4206.70 415.9 24181 7 7 8.7(-5) 2.3(-5) 0.0022 -3.79 C 4n,5n 
4258.31 704.0 24181 5 7 2.54(-5) 9.66(-6) 6.77(-4) -4.316 B+ I 
4232.73 888.1 24507 3 5 8.79(-6) 3.93(-6) 1.64(-4) -4.928 B+ 1 

4. (/ 51) _ ;; ;'1)0 :iBH:!.;- ·/.02.9 :!f>/!i I 25 25 0.103 0.0232 7.41 -0.237 C+ l,4n,1311 
(4) 

3859.91 0.0 25900 9 9 0.0970 0.0217 2.48 -0.710 B+ 1 
3886.28 415.9 26140 7 7 0.0530 0.0120 1.07 -1.076 B+ I 
:-\899.71 704.0 26:~40 5 5 0.0258 0.00589 0.378 -1.531 B+ 1 
3906.48 888.1 26479 3 3 0.00833 0.00190 0.0735 -2.243 B+ 1 
3824.44 0.0 26140 9 7 0.0283 0.00483 0.547 -1.362 B+ I 
3856.37 415.9 26340 7 5 0.0464 0.00739 0.657 -1.286 B+ I 
3878.57 704.0 26479 5 3 0.072 0.0098 0.63 -1.31 D- 13n 
3895.66 888.1 26550 3 1 0.0940 0.00713 0.274 -1.670 B+ 1 
:~922.91 415.9 25900 7 9 0.0108 0.00319 0.288 -1.651 B+ I 
3930.30 704.0 26140 5 7 0.019 0.0060 0.39 -1.52 C 411 
3927.92 888.1 26340 3 5 0.026 0.010 0.39 -1.52 C i\.II 

3920.26 978.1 26479 1 3 0.0260 0.0179 0.232 -1.746 B+ 1 

5. a ;'1) - ;; 5Fo 

(5) 

3719.93 0.0 26875 9 11 0.163 0.041:) 4.':);) -OA:ltI lit H,. 1 ',' .II!. 

Il),:W 

3737.13 415.9 27167 7 9 0.142 n.mBI :\':.!B "fl.;,';·, III J 

3745.56 704.0 2739.5 5 7 0.115 I o,m:\!) :.!.O') 0';'71 lit I 
3748.26 888.1 27560 3 5 0.0915 O.O:l:!1 1.1'./ 1.01/, III I 

3745.90 978.1 27666 I 3 0.07:1.'1 II,(I-'\il:! 0.:',711 I.:U:' IIi I 
:-1679.91 0.0 27167 9 I) 0.01:\1\ O.OO:.!HO ().:W:, 1;,'1') H' I 

3705.57 415.9 27395 7 7 ()'(U2:! O.lUlI,(,:! O ...... ();J 1.:\.'1'1 H' I 
3722.56 704.0 27:)60 .') ::; O,Ol'r: O.lIjll:', f).h:L~ 1.:!!!7 II' I 
:n:33.:32 888.1 276()() :{ ') It,Oh:, 11,(111 (),;,O 1.:\11 C '\11,111' 

368:US 415.9 27ShO 7 :, OJHnO ·1.ll --·1) o,o:r;' .. :~.;,) c ·lll,hll 

:-1707.82 704.0 2i{)h() :) :\ O,O07:! B,(){- -J.) 1),1l;);) --·2.:\;, C (l/I 
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Fe I: Allowed transitions-Continued 

No. Multiplet A(A) A; (cm-') r,~(cm-I) Ki gl .. hi(lO" 5-
1
) j;k S(at. u.) log pi Accuracy Source 

6. II "n - = "PO 
(6) 

:H40.99 415.9 29469 7 5 0.098 0.012 0.99 -1.06 C 411 
3443.88 704.0 29733 5 3 0.073 0.0078 0.44 -1.41 C 411 
3497.84 888.1 29469 3 5 0.031 0.0094 0.32 -1.55 C 411 
3476.70 978.1 29733 1 3 0.064 0.035 0.40 -1.40 C 411 

7. (( '"of) _ = "Fa 
(7) 

:H93.2:i 0.0 31307 9 9 0.0053 8.0(-4) 0.076 -2.14 C 611 

8. a"]) - y "no 

(9) 

3021.07 415.9 :-\3507 7 7 0.456 0.0624 4.34 -0.360 B+ I 
3017.63 888.1 :H017 :1 3 0.0682 0.00931 0.277 -1.554 B+ 1 
298:3.57 0.0 33507 9 7 0.280 0.0290 2.57 -0.583 B+ I 
2994.43 415.9 33802 7 :) 0.44 0.042 2.9 -0.53 C 611 
3000.95 704.0 34017 5 3 0.642 0.0520 2.57 -0.585 B+ I 
3008.14 888.1 34122 3 1 1.07 0.0485 1.44 -0.837 B+ I 
3059.09 415.9 33096 7 9 0.18 0.032 2.3 -0.65 C+ 411,611 
3047.60 704.0 33507 5 7 0.284 0.0553 2.78 -0.558 B+ I 
3037.39 888.1 ;~3802 3 5 0.32 0.075 2.2 -0.65 C+ 411,611 
3025.84 978.1 34017 I 3 0.348 0.143 1.43 -0.844 B+ I 

9. fl "n - y "Fo 2965.2 /02.9 .Jf.//B 25 :35 0.324 0.0598 l4.6 0.175 B 1,411,611 
(uv I) 

2966.90 0.0 .136% 9 II 0.272 0.0438 3.85 -0.404 B+ I 
297:i.24 415.9 34040 7 9 0.183 0.0313 2.14 -0.660 B+ I 
2973.1:-\ 704.0 34329 5 7 0.135 0.0251 1.23 -0.901 B+ I 
2965.25 978.t 34692 1 :) 0.116 0.0460 0.449 -l.337 B+ 1 
2936.90 0.0 34040 9 9 0.14 O.oJ8 1.6 -0.79 C+ 411,611 
2947.88' 415.9 34329 7 7 0.20 0.027 l.8 -0.73 C 6n 
2953.94 704.0 34547 5 5 0.189 0.0247 1.20 -0.908 B+ I 
2957.36 888.1 34692 3 3 0.177 0.0232 0.678 ': -l.l57 B+ I 

2912.16 0.0 34:)29 9 7 0.035 0.0035 0.30 -1.50 C 411,611 
2929.01 415.9 34547 7 5 0.073 0.0067 0.45 -1.33 C 611 
2941.34 704.0 34692 5 3 0.066 0.0051 0.25 -).59 C 4/1 

10. II "n - = "po 
(II) 

2981.45 415.9 3:3947 i 5 0.0654 0.00622 0.427 -1.361 B+ 1 
2969.:~6 888.1 :14556 3 I 0.0366 0.00161 0.047:'3 -2.315 B+ I 
3007.28 704.0 33947 5 5 0.027:~ 0.00371 0.184 -1.732 B+ 1 
2986.46 888.1 34363 3 3 0.00219 2.92(-1) 0.00862 -'l.OS7 B-1- 1 

3024.03 888.1 :-\3947 3 5 0.0488 0.0111 0.333 -1.476 B+ 1 

2994.50 978.1 ;14:~63 1 3 0.0149 0.00601 0.0593 -2.221 B+ I 

11. " "J) _ - r,(:o 

(uv 2) 

2874.17 0.0 34782 9 11 0.013 0.0020 0.17 -1.74 C 6n 

2869.31 415.9 352.57 7 9 0.015 0.0023 0.15 -1.79 C 6/1 

2835.46 0.0 35257 9 9 0.0090 0.0011 0.091 -2.01 C 611 
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Fe I: Allowed transitions-·Continued 

-. 

No. Multiplet A(A) r..:(cm- I
) f..'dcm- I

) K; K, ..1;;(10" S-I) h S(at. u.) log {!/ Accuracy Source 

12. /I '\) _ .y "PO 

(Ul' 5) 

2719.03 0.0 :)0707 9 7 1.4 0.12 9.0 0.03 C On 
2720.90 415.9 37158 7 5 l.l 0.084 5.3 -0.23 C 611 
2723.58 704.0 37410 5 3 0.64 0.043 1.9 -0.67 C 611 
2750.14 415.9 36767 7 7 0.39 l 0.044 2.8 -0.51 C 6n 
2742.41 704.0 37158 5 5 0.63 0.071 3.2 -0.45 C 611 
2737.31 888.1 37410 :1 3 {J.85 0.095 2.6 -0.55 C 611,7 
2756.:~:~ 888.1 37158 :~ 5 0.20 0.038 1.0 -0.94 C 611 
2744.07 978.1 37410 I 3 0.35 0.12 l.l -0.92 C 61/ 

l:t {[ ~D - y "Do 
i 

(Ul' 6) 

2632.59 704.0 38678 S 5 0.01.5 0.0016 0.067 -2.11 C 6n 

1-1-. /I "D - .r "))0 

(uv 7) 

2522.85 0.0 39626 9 9 2.9 0.28 21 0.40 C 61/ 
2527.43 415.9 39970 7 7 1.9 0.18 10 O.LO C 6n 
2529.1:) 704.0 402:~1 5 5 0.98 0.094 3.9 -0.33 C 6n 
2501.l3 0.0 39970 9 7 0.68 0.050 3.7 -0.35 C 61/ 
2510.83 415.9 40231 7 ;) 1.3 0.088 5.1 -0.21 C 611 
2518.10 704.0 40405 5 3 1.9 0.11 4.5 -0.27 C 6/1 
2524.29 888.1 4·0491 3 I 3.4 0.11 2.7 -0.49 C 6/1 
2549.61 415.9 39626 7 9 0.36 0.0-1-5 2.7 -0.50 C 611 
2545.98 704.0 39970 5 7 0.67 0.091 3.8 -0.34 C 6/1 
2540.97 888.1 40231 3 5 0.92 0.15 3"7 -0.35 C 6/1 
2535.61 978.1 4040S I 3 0.97 0.28 2.4 -0.55 C 6n 

15. (J "I) - .r ~po 

(til' 8) 

251:U6 415.9 40207 7 7 0.027 0.0025 0.15 -1.75 C 61/ 

10. a "I) - x ;'Fo 

(Ul' 9) 

248:).27 0.0 40257 9 11 4.9 0..')6 41 D.70 C 6/1 
2488.14 415.9 40594 7 9 4.7 0.56 32 0.S9 C 611 
2490.u4 704.0 40842 ;) 7 .1.3 0.49 20 U.JY C 6/1 
2491.15 888.1 41018 3 5 3.0 0.47 12 O.IS C Oil 
2462.65 0.0 40594 9 9 0.58 0.053 3.9 -0.32 C 611 
2479.78 704.0 41018 5 5 1.8 0.17 6.9 -0.07 C 611 
2162.18 415.9 41018 7 5 0.15 0.0099 0.:;& -1.16 C ()II 

17. /I "I) - X ~po 

(Ul' II) 

2:)7:).62 41S.9 42s:n 7 7 0.067 0.0057 O.:H -lAO C 611 
2371.43- 704.0 42860 5 5 0.052 0.0044 0.17 -I.hl> C 611 
2389.97 704.0 42.1:n 5 '7 0.050 0.0060 0.2/~ -I.;'~ C 01/ 
2:~81.83 888.1 42860 3 5 0.OS4 0.0076 0.18 I.td- e 611 
2374.S2 978.1 43079 I 3 0.29 0.074 0.58 . I. L\ C 61/ 
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Fe I: Allowed transition~-Continued 

No. Multiplet A(A) f.: (cm- I
) f;dcm- I

) Ki K. Aki(lOIi 5-
1
) I. S(at. u.) log gf Accuracy Source 

18. a")) - II' "Do 
(uv 14) 

2276.0:~ 0.0 43923 9 7 0.17 0.010 0.68 -1.04 C 61/ 
2287.25 704.0 44411 5 3 0.34 0.016 0.60 -1.10 C 61/ 
2294.41 888.1 44459 3 1 0.61 0.016 0.36 -1.32 C 61/ 
2320.36 415.9 43499 7 9 0.12 0.013 0.68 -1.05 C 61/ 
2313.10 704.0 43923 5 7 0.14 0.016 0.59 -1.11 C 61/ 
2309.00 888.1 44184 3 5 0.15 0.020 0.46 -1.22 C 61/ 
2301.68 978.1 44411 1 :3 o.n 0.030 0.23 -1.52 C 61/ 

19. a "D- "Fo 

2259.51 0.0 44244 9 11 0.070 0.0065 0.44 -1.23 C 61/ 
2272.07 415.9 44415 7 9 0.0:-38 0.0038 0.20 -1.58 C 61/ 
2300.14 704.0 44166 5 7 0.080 0.0089 0.34 -1.35 C 611 

2303.58 888.1 44285 3 5 0.076 0.010 0.23 -1.52 C 611 

2303.42 978.1 44378'1 1 :~ 0.094 0.022 0.17 -1.65 C 611 

2250.79 0.0 44415 9 9 0.019 0.0014 0.095 -1.89 C 61/ 

20. a "D- "DO 

2265.0S 41S.9 44SS1 7 7 O.O:W 0.0015 0.080 -1.97 C 61/ 
22,,)9.28 41~.9 44004 7 .') lUI j.~ (.U{-4) U.U;-H) -2.::11 C tm 

2292.52 415.9 44023 7 9 0.043 0.0043 0.23 -1.52 C 611 

21. (l "D - Y "SO 
(uv 17) 

2267.08 415.9 44512 7 5 0.071 0.00:~9 0.21 -1.56 C 61/ 

22. (l "D - x :lDo 

(uv 18) 

2228.17 ,tI5.9 45282 7 5 0.021 0.0011 0.057 -2.11 C 611 

23. (l "D - 11' "po 
(uv 21) 

2166.77 0.0 46137 9 7 2.7 0.15 9.6 O.j:~ C 611 

2191.84 704.0 46:-314 5 5 1.2 0.08:-3 :H) -0.:-38 C 61/ 
2196.04 888.1 46410 3 3 1.2 0.086 1.9 -0.59 C 611 

2200.72 888.1 46314 3 5 0.28 0.034 0.74 -0.99 C 611 

2.J.. (l r'J) - : :I~O 

(uv 22) 

2191.20 978.1 46601 1 :3 0.073 0.016 0.11 -1.80 C 611 

25. (l "D - y :lpO 

(uv 23) 

2176.81 078.1 16')02 1 :~ 0.10 0.022 0.16 -1.66 C 6" 

26. (l "D - "DO 

2132.02 0.0 46889 9 9 0.076 0.0052 0.33 -1.33 C 6/1 

2145.19 415.9 47017 7 7 0.057 0.00:39 0.19 -1.56 C 6/1 

2153.01 704.0 47136 5 5 0.069 0.0048 0.17 -1.62 C 611 

2161.58 888.1 47136 3 5 0.050 0.0058 0.12 -1.76 C 611 

27. (l "D - :IDo 

21:-38.59 0.0 4674.') 9 ';' (Ul28 0.0015 0.095 -1.87 C 61/ 

2171.30 704.0 46745 5 7 0.051 0.0050 0.18 -1.60 C 61/ 

2173.21 888.1 46889 :~ 5 0.083 0.0098 0.21 -1.53 C 611 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

Fe I: Allowed transitions-Continued 

No. Multiplet A(A) f.,:(cm~l) I:.'dcm- l
) g; g. Aki(lO· s~i) fa Stat. u.) log gf Accuracy Source 

28. (/ "]) _ I' "po 

(Ul' 33) 

2084.12 0.0 47967 9 7 0.37 0.019 1.2 -0.77 C 6n 

2102.35 415.9 47967 7 7 0.088 0.6058 0.28 -1.39 C 6n 

2112.97 978.1 48290 1 3 0.19 0.038 0.26 -l.42 C 6n 

29. (/ "J) ~ /I "Fa 

(uv:{S) 

1937.27 0.0 SI6I9? 9 7 0.22 0.0095 0.54 -1.07 C 6n 

:{O. fl "n _ /I "po 

(uv 37) 

1934 .. 54 0.0 51692? 9 7 0.25 0.011 0.64 -1.00 C 6n 

1940.66 4l5.9 51945? 7 5 0.26 0.010 0.46 -1.14- C 6n 

:H. (/ "F' - = 71)0 

(12) 

7912.87 6928 19562 II 9 1.68(-6) 1.29(-6) 3.70(-4) -4.848 B+ 3 
9075.13 7377 19757 <> 7 1.27(-6) 9.63(-7) 2.30(-1) -5.062 B+ 3 

32. a "F - : 7F'0 

(l:{) 

6:~58.69 6928 22650 11 13 4.32(-6) 3.09(-6) 7.13(-4) -4.468 B+ 3 
6280.63 6928 22846 II II 6.31(-6) 3.73(-6) 8.48(-4) -4.387 B+ 3 
6498.95 7728 23111 7 7 4.51(-6) 2.86(-6) 4.28(-4) -4.699 B+ 3 
6.174.24 7986 2:{192 5 5 3.3(-6) 2.1(-6) 2.3(-4) -4.97 C 5n 

:n. (I "F ~ : 7po 

(14) 

59.16.70 6928 2:HII II 9 5.19(-6) 2.26(-6) 4.87(-4) -4.605 B+ 3 

34. {/ "F ~ : "1)0 

(15) 

5269.54 6928 25900 II 9 0.0127 0.00434 0.828 -1.321 B+ 3 
5328.04 7377 26140 9 7 0.0115 0.00380 0.600 -1.466 B+ 3 
5371.49 7728 26340 7 5 0.0105 0.00324 0.400 -1,645 B+ 3 
5405.77 7986 26479 5 3 0.0109 0.00286 0.255 -1.844 B+ 3 
S4:{4.52 81.15 26.1.10 ;{ I 0.0171 0.002.12 0.135 -2.122 B+ 3 
5397.1,1 7377 25900 9 9 0.00259 0.00113 0.181 -1.993 B+ 3 
5429.70 7728 26140 7 7 0.00427 0.00189 0,236 -1.879 B+ :{ 

5446.92 7986 26340 5 5 0.0062 0.0028 0.25 -1.86 C 411 
5501.46 7728 2.1900 7 9 3.2(-4) 1.9(-4) 0.024 -2.88 C 411 
5506.78 7986 26140 5 7 5.01(-4) 3.19(-4) 0.0289 -2.797 B+ ;{ 

5497 . .12 815.1 26340 3 5 6.25(-4) 4.72(-4) 0.0256 -2.849 B+ :{ 

35. (/ "F.- : "Fa 

(16) 

5012.07 6928 26875 11 II 5.50(-4) 2.07(;"'4) o.o:n(l -- L.(dL B-t ;\ 

5051.63 7377 27167 9 9 4.66(-4) 1.78(-4) (Ul267 ... 2.79;) Il-t ;\ 

5083.34 7728 27395 -; 7 4.06(-4) 1..17(-4) O.OIH4 .. L.9:IH B-t :) 

5to7.45 7986 27.160 .1 S 4.19(-4) I.M(-'~) O.lWHl :I,Il!\,i 11-1 ;\ 

5123.72 81.15 27666 3 3 7.24(-4) 2.85(-·1-) lUll /~4 " :IIlIIH 11+ :\ 
4939.09 0925 27107 11 9 1.:i9(-'H /L10( _.:)) \1.1/\1,·1-:\ :1.:\'10 lIt ,. 
4994.1:3 7377 27395 9 .. :l.IH(-'l) ().24·( -- :1) 0.01:\';' --:l.OHO 11+ :\ 
5079.74 7986 27666 .1 :) :1.]9(--'l) I.LI( --·t) 11.010] ---:1. no B+ :) 

5127.36 nn 26875 I) II 1.1·1(--' 4) ;IAH(· ... 'I) O.OOB:\L ---:U07 B+ :\ 
5150.84 7986 27:~9S 5 7 :l.h(·- 4) 2.0(-' 'l) 0.017 -:l.Il() c 411 

.11.11.91 8155 275()O :\ ;) 2.:19(·-'\) \ .:)9\ -- .~) O.IHlHOB -:U7.2 IH :~ 
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Fe I: Allowed transitions-Continued 

No. Multiplet X(A) Hi (em-I) ":dcm- I) f!,i f!,k .-h;(lO" S -I) fl S(at. u.) log !d' Accuracy Source 

:~6. (/ "F - = "Fo 
(18) 

4100.74 6928 31307 II 9 2.92(-4) 6.02(-5) 0.00894 -3.179 B+ :~ 

4092.46 7377 :H805 9 7 3.1(-5) 6.1(-6) 7.4(-4) -4.26 C 5" 
4177.59 7:177 31307 9 9 3.72(-4) 9.72(-5) 0.0120 -3.058 B+ 3 
4152.17 7728 31805 7 7 :'3.24(-4) 8.37(-5) 0.00801 -3.232 B+ 3 
4139.93 7986 32134 5 5 1.8:~(-4) 4.70(-5) 0.00320 -3.629 B+ 3 

:~7. (/ "F - = "DO 
(19) 

4174.91 7:177 :~I :~23 9 7 5.87(-4) 1.19(-4) 0.0148 -2.969 B+ 3 
4172.74 7728 31686 7 5 6.46(-4) 1.20(-4) 0.0116 -3.074 B+ 3 
1173.92 7986 al937 S 3 6.a( 4) 9.8( 5) 0.0067 3.31 C ,nl 

4237.07 7728 31323 7 7 2.22(-5) 5.97(-6) 5.83(-4) -4.379 B+ 3 

:~8. II "F - y "DO 
(20) 

:~820.4:~ 6928 :n096 II 9 0.668 0.120 16.5 0.119 B+ 3 
3825.88 ?an 33507 9 7 0.598 0.102 11.6 -0.037 B+ :~ 

:~834.22 7728 33802 7 5 0.453 0.0713 6.:~0 -0.302 B+ 3 
:~840.44 7986 34017 5 :} OA70 0.0624 3.94 -0.506 B+ 3 
3849.96 8155 34122 :~ I 0.606 0.0449 1.71 -0.871 B+ 3 
3887.05 7377 ::13096 9 9 0.0352 0.00798 0.919 -1.l44 B+ :~ 

:~878.02 7728 :{3507 7 7 0.0772 0.0174 1.56 -0.914 B+ :~ 

:{872.50 7986 3:)802 5 5 0.105 0.0236 1.50 -0.928 B+ 3 
3865.52 81S5 :{4017 :~ 3 0.15.1 0.0347 U3 -0.982 B+ 3 
3940.88 7728 :j:~096 7 9 0.00120 3.59(-4) 0.0326 -2.600 B+ 3 
:W17.18 7986 3:~507 5 7 O.004:~5 0.00140 0.0902 -2.155 B+ 3 

:W. 1/ OF _ Y "Fo :r:S(J.2 ";,f.60 .J/118 3S :~5 0.914 0.193 83.3 0.829 B+ 3 
(21) 

:{7:14.86 6928 3:)695 11 11 0.902 0.189 25.5 0.317 B+ 3 
3749.48 n77 :14040 9 9 0.764 0.161 17.9 0.161 B+ 3 
3758.23 7728 34329 7 7 0.6:~4 0.134 11.6 -0.027 B+ :{ 

:n6:t79 7986 :14547 5 oS 0.544 0.116 7.16 -0.238 B+ 3 
:n67.19 8155 34692 3 :l 0.640 0.136 5.06 -0.389 B+ 3 
:{687A6 6928 :14040 II 9 0.0801 0.0134 1.78 -0.833 B+ 3 
:n09.25 7?J77 :14:{29 9 7 0.156 0.0251 2.76 -0.646 B+ 3 
3727.62 7728 34547 7 5 0.225 0.0334 2.87 -0.631 B+ 3 
:n43.36 7986 34692 5 :{ 0.260 0.0328 2.02 -0.785 B+ :~ 

:n98.51 7377 :n695 9 11 0.0323 0.00855 0.962 -1.l14 B+ 3 
3799.SS 7728 34040 7 9 0.0732 0.0204- 1.78 -0.846 B+ :{ 
:n95.00 7986 :{4329 S 7 0.115 0.0347 2.17 -0.761 B+ 3 
3787.88 8155 34547 3 S 0.129 0.0461 l.n -0.859 B+ :~ 

40. 11 OF _ :'lpO 

(22) 

3812.96 7728 :~3947 7 5 0.0792 0.0123 1.08 -1.064 B+ :{ 

3790.09 7986 34:{6:j S :{ 0.0268 0.00347 0.216 -1.761 B+ 3 
3786.68 8IS.') 34S56 3 I 0.0277 0.00199 0.0743 -2.225 B+ 3 
:{8S0.82 7986 :~:3947 .') 5 0.0166 OJ)0369 O.2:~4 -1.734 R+ 3 
:{8 I 4 . .')2 81S5 34:{6:l :~ 3 0.00624 0.00136 0.0.')13 -2.389 B+ 25 
;1876.04 81S5 :~:~947 3 5 0.0017 6.3(-4) 0.024 -2.72 C 4n,5n 

J. Phys. Chern. Ref. Doto, Vol. 10, No.2, 1981 



TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 333 

Fe I: Allowed transitions-Continued 

No. Multiplet A(A) A~(cm-J) f,~(cm-J} 
I 

A.iOO· 5-
1
) fl S(at. u.) log g/ Accuracy Source !{i gAo : 

41. II "F - .: ';co 

. (23) 

3581.19 6928 '. 34844 11 13 1.02 0.232 30.0 0.406 B+ 3 
3647.84 7377 34782 9 11 0.292 0.0711 7.68 -0.194 B+ 3 
3631.46 7728 35257 7 9 0.517 0.131 fLO -0.036 B+ 3 
3618.77 7986 35612 5 7 0.73 0.20 12 0.00 C+ 4~,6n 
3608.86 8155 35856 3 5 0.814 0.265 9.44 -0.100 B+ 3 
3589.11' 6928 34782 11 II 0.00361 6.98(-4) . 0.0907 ~2;115 B+ 3 
3585.71 7377 35257 9 9 0.0375 0.00722 0.767 -1.187 B+ 3 
3585.32 7728 35612 7 7 0.13 0.025 2.1 -0.76 C 6n 
3586.98 7986 35856 5 5 0.17 0.032 1.9 .,...0.80 C+ 4n,6n 
3540.71 7377 35612 9 7 0.0017 2.4(-4} 0.026 -2;66 C 5n 

42. (/ 'f - .: "G o 

(24) 

351J.82 6928 35379 11 11 0.0341 0.00630 0.802 -1.159 B+ 3 
34153.01 . 7377 36079 9 7 9,4(-4) 1.3(-4) 0.014 2.92 D 12n 

3570.10 7377 35379 9 11 0;677 0.158 16.7 0.153 B+ 3 
3565.38 7728 35768 7 9 0.39 0.094 7.8 -0.18 C+ 4n 

13. (I "F' _)' "po 

(26) 

3396.98 7728 37158 7 5 0.0024 2.9(-4) 0.023 -2.69 0 12n 
3417.27 8155 37410 3 3 7.2(-4) 1.3(-4) 0.0043 -3.42 0 12n 

44. (/ 5F - X "no 
(28) 

3057.45 6928 39626 11 9 0.45 0.051 5.7 -0.25 C+ 4n 
3067.24 7377 39970 9 7 0.35 0.039 3.5 -0.46 C+ 4n 
3075.72 7728 40231 7 5 0.30 0.031 2.2 -0.67 C+ 4n 
3083.74 7986 40405 5 3 0.35 0.030 1.5 -':0.82 C+ 4n 
3091.58 8155 40491 3 1 0.64 0.030 0.93 -1.04 C 4n 
3100.67 7728 39970 7 7 0.16 0.023 1.7 -0.79 C+ 4n 
3134.11 7728 39626 7 9 0.014 0.0027 0.20 -1.72 C 4n 

45. II :;F - x "Fo 

(:~O) 

2999.51 6928 40257 11 11 0.23 0.032 3.4 -0.46 C+ 4n 
3009.57 7377 40594 .9 9 0.1.8 0.024 2.2 -0.66 C+ 4n 
3018.98 7728 40842 7 7 0.15 0.020 1.4 -0.85 C+ 4n 
3026.46 7986 41018 ~ 5 : 0.13 0.oi8 0.91 -1.04 C 4n 
3031.63 8155 41131 3 3 0.18 0.025 0.74 -1.13 C 4n 
2957.29 7377 40542 9 

j 

7 0.077 0.0080 V.ll -1.14 C 411 
3016.18 7986 41131 5 3 0.10 0.0081 0.40 -1.39 C 411 
3040.43 7377 40257 9 11 0.035 0.0060 0.54 -1.27 C 4/1 

3042.66 7986 . 40842 5 7 0.066 0.013 0.65 -1.l9 C 411 
3042.02 8155 41018 3 5 0.057 0.013 0.40 -1.40 C '~1I 

46. fI 5F -:r "Go 
(uy 44) 

2788.10 6928 42784 II 13 0.63 0.087 R.B --0,02 C fm 
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Fe J: Allowed transitions-Continued 

No. Multiplet X(A) r,'i(cm- I
) f;dcm- ' ) Ki Kk A'i(lO· 5-

1
) Ik Stat. u.) log g/ Accuracy Source 

-

47. a 'F - 11' "Do 
(uv 46) 

27:3:t58 6928 43499 11 9 0.86 0.079 7.8 -0.06 C 7 
27:35.48 7377 43923 9 7 0.62 0.054 4.4 -0.31 C 7 

48. a "F - "Fo 

2679.06 6928 44244 II II 0.19 0.021 2.0 -0.64 C 7 

49. II "F - x ;'Go 

(uv 52) 

2.')84.54 6928 It.')608·! II l:) 0.46 0.0.')4 5.1 -0.23 C 6n,7 
2606.83 7:177 4.')726 9 II 0.42 0.052 4.0 -0.33 C 7 
2623.5:{ 7728 4.')833 7 9 0.33 0.044 2.7 -0.51 C 7 

2618.02 7728 45913 7 7 0.40 0.041 2.5 -0.54 C 7 

50. II "F - I "1)0 

(uv 71) 1 

2277.11 7728 51630? 7 5 :n 2.1 110 1.16 C 611 

51. (/ :iF _ ;; "Fo 

C{>1) 

6581.22 11976 27167 9 9 2.8(-6) 1.8(-6) 3.5(-4) -4.79 C 511 

52. (I :iF _ ;; "po 

(:{.S) 

5853.18 11976 29056 9 7 1.7(-6) 6.9(-7) 1.2(-4) -5.21 C 5" 
i 

5:~. (/ :iF _ ;; "Fo 

(:~6) 

5171.60 11976 31307 9 9 0.0045 0.0018 0.28 -1.79 C 4" 
5:~07.36 12969 31805 5 7 1.2(-4) 7.1(-5) 0.0062 -3.45 D 15" 

54. (/ :iF _ : :IDo 

(:n) 

5167.49 11976 :H:~2:~ 9 7 0.023 0.0072 1.1 -1.l9 C 4f1 

5270.36 12969 31937 5 3 0.029 0.0073 0.63 -1.44 C 411 

5341.02 12969 31686 5 5 0.0047 0.0020 0.18 -2.00 D 9 

55. (f "f - r r'lJo 

Ci8) 

4733.59 11976 33096 9 9 6.4(-4) 2.2(-4) 0.030 -2.71 C 4n 

4798.73 12969 3;)002 j J 3.0( J) 1.3('-3) 0.0010 -4.18 C :'In 

56. II .IF - Y "Fo 

(39) 

4602.94 11976 33695 9 II 0.0032 0.0012 0.17 -1.95 C 4n 

4680.29 12969 34329 5 7 7.2(-5) 3.3(-5) 0.0026 -3.78 C 511 

4531.15 11976 34040 9 9 0.0030 9.2(-4) 0.12 -2.08 C 4n 

4592.65 12561 34329 7 7 0.0017 5.4(-4) 0.057 -2.42 D- 1411 

4632.91 12969 34547 .') 5 9.2(-4) 3.0(-4) 0.023 -2.83 C 5n 

4547.02 12561 34547 7 5 1.4(-4) 3.1(-5) 0.0033 -3.66 C 5/1 

4602.00 12969 34692 5 3 6.8(-4) 1.3(-4) 0.0098 -3.19 C 511 

57. (f :IF _ ::; :lpO 

(40) 

I I I 

4674.65 12561 :13947 7 .5 1.2(-5) 2.7(-6) 2.9(-4) -4.72 C 5/1 

4765.48 12969 33947 5 5 
I 

6.7(-5) 2.3(-5) 0.0018 -3.94 C 51/ 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 335 
Fe J: Allowed transitions-Continued 

M 

No. Multiplet A(A) £;(cm- I
) £j(cm- I

) g; g" Ak;(lOH S-I) fl' S(at. u.) log gf Accuracy Source 

58. (l :'F - = "Go 
I 

(41) 

4383.54 11976 34782 9 11 0.46 0.16 ,21 0.16 C+ 4n 

4404.75 12561 35257 7 9 0.25 0.094 9.6 -0.18 C+ 4n 

4415.12 12969 35612 5 7 0.13 0.053 3.8 -0.58 C+ 4n 

4294.12 11976 35257 9 9 0.037 0.010 1.3 -1.04 C 4n 

4337.05 12561 35612 7 7 0.012 0.0035 ' 0.35 -1.61 C 4n 

4367.90 12969 35856 5 5 0.0018 5.3(-4) 0.038 -2.58 C 5n 

4229.75 11976 35612 9 7 2.9(-4) 6.1(-5) 0.0077 -3.26 C 5n 

59. fl :IF - = :ICO 1293.8 12107 35690 21 27 0.41 '0.14 43 0.48 0 4n,9,13n 

(42) 

427L76 11976 35379 9 11 0.25 0.082 10 -0.13 0- 13n 
4JUI.YU 12:'01 J:'/btl ( '} U.J!J U.12 12 -U.Ub C-t- 4n 

4325.76 12969 36079 5 7 0.51 0.20 14 0.00 C+ 4n 

4202.03 11976 35768 9 9 0.11 0.030 3.7 -0.57 ,0 9 
4250.79 12561 36079 7 7 0.11 .' 0.029 2.9 -0.69 0-' 13i! 
4147.07 11970 3607~ 9 7 0.00::;9 0.0012 0.1::; -1.97 C 4" 

60. a :'F - J :'Fo ItoS7.B 12,t.07 3701,1 21 21 0.98 0,24 68 0.71 C+ 4n,13n , 
(43) 

4045.81 11976 36686 9 9' 0.75 0.18 22 0.22 C+ 411 
4063.59 12561 37163 7 7 0.69 0.17 16 0.08 C+ 4n 
4071.74 12969 37521 5 5 0.80 0,20 13 0.00 C+ 4n 
3969.26 11976 37163 9 7 0.24 0.043 5.1 -0.41 C+ 4n 
4005.24 12561 37521. 7 5 0.22 0'.038 3.5 -0.57 C+ 411 
4143.87 12561 36686' 7 9 0.16 0.052 5.0 -0.44 C+ 411 
4132.06 12969 37163 5 7 0.13 0.047 3.2 -0.63 0- 13n 

6l. (/ :'F _ )' 5po 

(44) 

4032.63 Il976 36767 9 7 0.0025 4.7(-4) 0.057 -2.37 C 5n 

62. (( :'F _ y :1\jO 3830.8 12.f07 38S07 21 15 1.5 0.23 62 0.69 C+ 4n,5n,6n 
(45) 

3815.84 11976 38175 9 7 1.3 0.22 25 0.30 C+ 4n,6n 
3827.82 12561 38678 7 5 1.1 0.18 16 0.09 C+ 411 
3841.05 12969 38996 5 3 1.4 0.18 12 -0.04 C+ 4n 
3902.95 12561 38175 7 7 0.24 0.054 4.9 -0.42 C+ 4n 
3888.51 12969 38678 5 5 0.27 0.060 3.9 -0.52 C+ 4n 
3966.06 12969 38175 5 7 0.017 0.0055 0.36 -1.56 C' 411,5n 

6:~. (/ :'F _ X 5\)0 

(46) 

3615.66 11976 39626 9 9 7.5(-4) 1.5(-4) 0.016 -2.88 C S" 
3666.94 12969 40231 5 5 6.7(-4) 1.4(-4) 0.0082 -3.17 C 5" 
3571.22 11976 39970 9 7 0.0022 3.3(-4) 0.035 -2.53 C 5" 

64. (f :'F - X 5Fo 

(48) 

3493.28 11976 40594 9 9 9.2(-4) 1.7(-4) 0.017 -2.8:! I: ;)t/ 

3564.11 12969 41018 5 5 0.0016 3.0(-4) 0.018 '<:!,H2 C ;)// 

3463.30 11976 40842 9 7 0.0011 1.5(-4) O,OJ5 '" 2.H7 J) 1211 
3513.05 12561 41018 7 5 0.OO:~7 5,0(-4) 0.0·:1-0 " 2.46 t: 'fill 

3549.86 12969 41131 .5 3 0.0060 6,8(-4) 0.040 ·2,47 C SII 

65. (1 :'F - X :1\)0 

(55) 

3068.17 12969 45552 .5 3 0.12 I 0,0098 0.49 -1.31 C 4n 
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Fe I: Allowed transitions-Continued 

No. Multiplet A(A) ,",~(cm-I) f,~(cm-I) ~i ~! .·h, 00" 8-
1
) fA S(at. u.) log !{( Aceuracy Source 

, 
66. a :IF - "Fo 

2920.69 12969 47197 5 .5 0.061 0.0078 037 -1.41 C 411 

67. a "P - y "n° 
(62) 

64:~0.85 17550 33096 7 9 0.0017 0.0014 0.20 -2.02 [)- 1411 
6297.80 17927 33802 3 5 5.6(-4} 5.5(-4) 0.034 -2.78 C 511 
6151.62 17550 .33802 7 5 1.6(-4} 6.4(-5) 0.0090 -3.35 C 511 
6173.:H 17927 34122 .3 1 0.0018 3.4(-4) 0.021 -2.99 C 511 

68. a 'P - Y ~Fo 

(6:i) 

6062.89 17550 34040 7 9 l.7(-5} 1.2(-5} 0.0017 -4.07 C 511 
5892.80 17727 .34692 .5 3 7.0(-5) 2.2(-5) 0.0021 -3.96 C 511 

69. a "P _ : :lpO 

(64) 

6012.21 17927 :H556 3 1 1..5(-4} 2.7(-5) 0.0016 -4.09 C 511 
6163.56 17727 33947 5 .') 6.0(-5} 3.4(-5} 0.0034 -3.77 C 511 

6082.72 17927 34363 .3 3 1.5(-4) 8.4(-S) 0.0050 -3;60 C 511 
6240.66 17927 33947 3 5 I.S(-4} 1.5(-4) 0.0090 -3.36 C SII 

70. a 'P - Y :IFo 

(65) 

5224.:~O 17S50 36686 i 9 2.7(-5) 1.4(-S) 0.0017 -4.01 C 511 

5143.73 17727 37163 5 -: 6.9(-S) 3.8(-S) 0.0032 -3.72 C 511 

71. 1/ "P _ y ~po 

(66) 

5202.:H 17SS0 36767 7 -: 0.0097 0.00:19 0.17 -1.56 C 411 

5145.09 17727 37158 .5 5 :~.5(-4} 1.4(-4) 0.012 -3.16 C 511 

.'1198.71 17927 37158 3 S 0.0039 0.0026 0.14 -2.10 C 411 

72. 1/ "p - y "n° 
(67) 

4771.70 17727 38678 S 5 1.1(-4) 3.6(-S) 0.0029 -3.74 C .511 
4745.1.1 lln7 JtlY90 J ;i 7.5(-5) 2.o(~~) 0.OU12 -4.10 C !)n 

4817.77 17927 38678 3 .5 2.0(-4) 1.2(-4) 0.0055 -3.46 C 511 

7:~. 1/ ~p - .r "1)0 

(68) 

4528.hl 17.'1.'10 :19626 7 9 O.06:~ 0.02.5 2.6 -0.76 C+ 411 

4494 . .'16 17727 39970 S 7 o.oas 0.015 l.l -1.12 C 4·11,.')11 

1159.12 17550 39970 7 7 0.028 0.0081 0.86 -1.23 C ·111 

4442.34 17727 40231 S 5 0.047 0.014 1.0 -1.16 C 4" 
4447.72 17927 40405 3 3 0.063 0.019 0.82 -1.25 C 411 

4407.71 17550 40231 7 5 0.0097 0.0020 0.20 -1.85 C 411 

4408.41 17727 40405 5 3 0.026 0.0046 o.:n -1.M C 4f1 

44:30.61 17927 40491 3 1 0.11 0.010 0.45 -l.SI D 9 

74. 1/ ;'P _ y 7pO 

(69) 

4447.1:~ 17727 40207 5 i 0.0015 6.t)(-4} 0.044 -2 .. 52 C 5n 

4518.58 17927 40052 3 5 8.8(-S) 45( -5) 0.0020 -.3.87 C 5n 

4478.04 17727 40052 5 5 1.6(-4) 4.7(-.5) 0.0035 -3.63 C 5f! 

4442.8:~ 175.,)0 40052 7 5 0.0019 4.0(-4) 0.041 -2.55 C .)" 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 337 
Fe I: Allowed transitions-Continued 

No. Multiplet ;\(.4.) H,(cm- I) f,~.(cm-I) /{; /{k AI, (10" S-I) h 8 (at. u.) log pf Accuracy Source 

7.s. a ~'p.- x "Fa 
(70) 

4338.26 17550 40594 7 9 7.7(-4) 2.8(-4) 0.028 -2.71 C 511 

4292.13 17550 40842 7 7 5.5(-4) 1.5(-4) 0.015 -2.97 C 511 
4292.29 17727 41018 S 5 0.0014 3.9(-4) 0.028 -2.71 C 511 

76. a ~'P - .: "SO ,t.'J07.1 J7bSf. 40895 15 5 0.26 0.024 5.2 -0.44 C+ 411,511 
(71) 

4282.40 17550 40895 7 5 0.13 0.025 2.5 -0.76 C+ 411,511 
4315.08 17727 40895 5 5 0.090 0.025 1.8 -0.90 C+ 411 
4352.73 17927 40895 3 5 0.045 0.022 0.93 -1.19 C 411 

77. a ~'P - x ~'po 3<)88,2 J768-f. f.275 I 15 15 0.081 0.019 3.8 -0 . .54 C 411,511 
(72) 

4001.66 17550 4253:{ 7 7 0.0092 0.0022 0.20 -1.81 C 411,511 
3977.74 17727 42860 5 5 0.082 0.020 1.3 -1.01 C 411 
3974.77 17927 43079 3 3 0.0042 9.8(-4) 0.039 -2.53 C 511 
3949.95 17550 42860 7 5 0.070 0.012 '1.1 -l.09 C 511 
3943.34 17727 43079 5 3 0.0092 0.0013 0.084 -2.19 C 511 
4030.18 17727 42533 5 7 0.0034 0.0012 0.076 -2.24 C 511 
4009.71 17927 42860 3 5 0.062 0.025 0.98 -1.l3 C 411 

78. a "I' - II' "DO 
(7:{) 

3852.57 17550 43499 7 9 0.034 0.0097 0.86 -1.17 C 411 
3Rltl.34 17727 43923 S 7 0.M7 O.OORI OSI -139 r. Sn 

3807.54 17927 44184 3 5 0.097 0.035 1.3 -0.98 C+ 411,5n 
3778.70 17727 44184 5 5 0.010 0.0022 0.14 -1.96 C 5n 
3774.82 17927 44411 3 3 0.061 0.013 0.48 -1.41 C 411,511 
3753.61 17550 44184 7 5 0.11 0.017 1.5 -0.92 C+ 4n,5n 
3746.49 17727 44411 5 3 0.01:-1 0.0017 0.10 -2.08 C 511 
3768.03 17927 44459 3 I 0.098 0.0070 0.26 -1.68 C 511 

79. a ~'P - "Fa 

3781.19 17727 44166 5 7 0.0094 0.0028 0.18 -1.85 C 5n 
3792.83 17927 44285 3 5 0.0040 0.0015 0.055 -2.36 C 5" 
3756.07 17550 44166 7 7 0.0065 0.0014 0.12 -2.02 C 51/ 
3739.32 17550 44285 7 5 0.0054 8.0(-4) 0.069 -2.25 C 51/ 

80. a "P - ~'Do 

3776.45 17550 44023 7 9 0.017 0.0048 0.42 -1.47 C 111.;)11 
3739.12 17927 44664 3 5 0.0071 0.0025 0.091 -2.1a C ;)11 

3687.10 17550 44664 7 5 0.028 0.0040 0.34 -1.55 C .>1/ 

81. /I "P - .r ~'So 

(76) 

3732.40 17727 44512 5 5 0.28 0.059 :U) . 0.:):\ Cf ,),/ 

3760.53 17927 44512 3 5 0.057 0.0:20 1l.7:i ·u~ C I)" .;)// 

82. (/ ~'P - x "DO 
(77) 

:3628.09 17727 45282 5 5 O.OOhl ().O()I~ 0.072 

I 

... 2.22 

I 

c ;lI/ 

3592.89 17727 45552 S ;\ o.o(};n 'U(· .. tj) 0.02:) ····2.b7 C :>11 

3654.66 17927 15282 ;\ i S O.!HI I, S.;:' -rl 0.020 -2.78 C 51/ 
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338 FUHR ET AL. 

Fe I: Allowed transitions-Continued 

No. Multiplet A(A) f:;(cm -I) r,~(cm-I) [.i; [.i. A~.;(lOK S-I) t~ S(at. u.) log gf Accuracy Source 

83. II ~'P _ II' ~'po 

(78) 

:3497.10 17.').')0 461:17 7 7 0.15 0.027 2.1 -0.73 C+ 4t1 
3509.87 17927 46410 3 3 0.018 0.0033 0.12 -2.00 C 511 
3485.34 17727 46410 5 3 0.16 0.Ql7 1.0 -1.06 C 411 
3518.82 17727 46137 5 7 0.0073 0.0019 0.11 -2.02 C 5" 
3521.84 17927 46314 3 5 0.11 0.035 1.2 -0.98 C+ 4" 

84. a ~'P - :: :ISO 

(79) 

3462.35 17727 46601 5 3 0.013 0.0014 0.083 -2.14 0 1211 

8.1. a c'p _ y "po 

(82) 

3477.85 17927 46673 :~ I O.O:W 0.0024 0.081 -2.15 D 1211 
3447.28 17727 46727 5 5 0.11 0.019 1.1 -1.02 C 411 
:l4::iO.:l3 17927 46902 3 3 0.24 0.043 1.':; -0.89 C-t- 411 

86. a ~'p - "Fo 

3427.12 17SS0 46721 7 9 (l.St. 0.13 10 -o.os c:+ 411 
3383.98 17550 47093 7 7 0.11 0.019 1.5 -0.88 C+ 4n 
3372.07 17550 47197 7 5 0.0093 0.0011 0.088 -2.10 /) 12t1 

87. a "P _ ~'I)o 

3407.46 17SS0 46889 7 9 0.60 O.l:~ 10 -0.03 C+ 411 
3413.13 17727 47017 5 7 0.37 0.089 5.0 -0.35 C+ 411 
3392.65 17550 47017 7 7 0.26 0.045 3.5 -0.50 C+ 411 
3399.33 17727 47136 5 5 0.39 0.068 3.8 -0.47 C+ 411 
3417.84 17927 47177 3 3 0.52 0.092 3.1 -0.56 C+ 411 
3394.58 17727 47177 5 3 0.12 0.012 0.67 -\.22 C 411 
3418.51 17927 47171 ? 3 I l.3 0.078 2.6 -0.63 C+ 411 

88. (I ~'p _ "\)0 

3424.28 17550 46745 7 7 0.21 0.037 2.9 '-0.59 C+ 411 
3428.19 17727 46889 5 5 0.22 0.038 2.2 -0.72 C+ 411 
3445.15 17727 46745 5 7 0.28 0.071 4.0 -0.45 C+ 411 

89. a ~'P - :: "H o 

(84) 

3382.40 17550 47106 7 9 0.0085 0.0019 0.15 -1.88 D 1211 

90. a 'p - I' c'Fo 

(90) 

329B.i3 17927 48239 :~ .1 0.095 0.026 0.84 -1.11 C 411 
3257.59 17.550 48239 7 5 0.15 0.017 1.3 -0.92 0- 1111 

91. a ~'P _ I' "po 

(91) 

3284 . .19 17727 4816:~ 5 .') 0.063 0.010 0.55 -1.29 C 411 
3292.59 17927 48290 3 3 0.31 0.050 1.6 -0.82 C+ 4t1 

3265.62 17550 48163 7 5 0.39 0.044 3.3 -0.51 C+ 411 

i 3271.00 17727 48290 5 3 0.67 0.065 3.5 -0.49 C+ 411 

I 

3305.97 17727 47967 S 7 0.48 0.11 6.0 -0.26 C+ 4t1 

3306.36 17927 48163 3 5 0.66 0.18 5.8 -0.27 D- 1111 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 339 

Fe 1: Allowed transitions-Continued 

1\0. Multiplet X(A) f..:(cm- I) if.' ( -I) I -I em ~, ~I Al-i(lO' 5-
1
) /;1 S(at. u.) log gf Accuracy Source 

92. 1/ !ip _ X ]po 

(%) 

3246.96 17727 48516 5 :) 0.11 0.010 0 .. )4 -1.30 E llll 
3268.23 17927 48516 3 3 0.055 0.0088 0.28 -1.58 D 1211 
3290.99 17927 48305 3 5 0.071 0.019 0.62 -1.24 C 4n 

9:1. 1/ "I' - Y "I)e. 

(l09) 

6608.03 18378 3;~507 S 7 2.4(-5) 2.2(-5) 0.0024 -3.96 C 5n 

7016.08 19552 33802 3 5 2.0(-4) 2.4(-4) 0.017 -3.14 C 5n 
6481.88 18378 33802 5 5 :~.2(-4) 2.0{-4) 0.022 -2.99 C 5n 

94. a "p - :; "po 
(lll) 

642U5 18378 33947 5 5 0.0036 0.0022 0.24 -1.95 D- 14n 

6750.15 19552 34363 3 3 0.0013 9.2(-4) 0.061 -2.56 C 5n 
6254.26 18378 34363 5 3 0.0019 6.8(-4) 0.070 -2.47 C 5n 

95. a "p - y "ro 

(112) 

S:1ll.04 liB 'I tl ;n io:1 !J '/ :1./(-4) l.l(-4) V.ViY -Z.YO C !JII 

96. (/ "p _ Y !ipO 

(II :~) 

54:~6.:=i9 18:n8 :~6767 5 7 1.5(-4) 9.6(-5) 0.0086 -3.32 C 511 
5253.03 i8378 37410 5 3 1.l(-4) 2.7(-5) 0.0023 -3.87 C 5n 

97. 1/ :lp - \. "1)0 

(114) 

5049.82 18378 :~8175 5 7 0.017 0.0.089 0.74 -1.35 C 4n 
4924.77 18378 38678 5 5 0.0039 0.0014 0.11 -2.15 D IOn 
4848.90 18378 38996 5 3 4.4(-4) 9.4(-5) 0.0075 -3.33 C 51/ 

98. (I :Ip - .r ~'Do 

(lIS) 

46:m12 18:~78 39970 5 7 0.0013 5.9(-4) 0.045 -2.53 C 5n 
4834.51 19552 40231 3 5 2.6(-4) 1.5(-4) 0.0073 -3.34 C 51/ 
4574.72 18378 40231 5 5 8.0(-4) 2.5(-4) 0.019 -2.90 C 5f1 
4794.36 19552 40405 3 3 1.0(-4) 3.5(-5) 0.0017 -3.98 C Sf! 

99. 1/ :Ip - :; ~·So 

(116) 

4439.88 18378 40895 5 5 9.1(-4) 2.7(-4) 0.020 -2.87 C .)11 

100. a :Ip -.r !ipo 

(117) 

4249.32 19552 43079 3 3' 0.0010 2.8(-4) 0.012 -:1.117 C .)11 

101. /I :Ip - W ~'Do 

(120) 

i 

:i9I::L6:~ 18378 43923 5 7 0.017 0.0055 (U:, '--J,:,() 

I 
<: 411.;JI/ 

4058.75 19552 44184 :~ 5 O.OO8:~ O,OO:"l·1 0,11 --I.r)f) C 411 
4}()1.60 20030 44411 1 :1 O.on·H) 0.00:\0 0.0,11 2.;,2 <: '~II 

102. (I "p - !il)o 

3981.11 19.)52 4466·l :1 I ;, O.OOll '~.4 - ,q 0.017 -2.88 C 5fl 

J. Phys. Chem. Ref. Data, Vol. 10, No.2, 1981 



340 FUHR ET AL. 

Fe I: Allowed transitions-Continued 

No. \1ultiplet i\(A) k:(cm- I) f,~:(cm-I) K; ~I AI;(lOH 5- 1
) fa S(al. II.) log gf Accuracy Source 

1m. II .Ip _ X :lDo 

(124) 

:H24.:~8 18:'178 45221 S 7 O.l~ 0.0~7 2.3 -0.73 C+ 4n 
3885.51 19552 45282 3 5 0.069 0.026 0.99 -LIl C 4n,511 
~715.91 18378 45282 5 5 0.037 0.0076 0.47 -1.42 C 4n,511 
~845.17 19552 45.552 3 3 0.085 0.019 0.71 -1.25 C 411,5T1 

10·1-. II :lp _ 1(" "po 

(127) 

3S78.67 18:)78 46314 S S 0.019 0.0036 0.21 -1.74 C 5T1 
3566.31 18378 46410 5 3 0.034 0.0039 0.23 -1.71 C 5T1 

lOS. II :lp _ Y :lpO 

Il:~ 1) 

3504.86 18:)78 46902 S :~ 0.020 0.0022 O.I~ -1.95 C .511 
:~686.26 19552 46673 3 1 0,14 0.0094 0.34 -1.55 C 511 
3678.86 19.552 46727 3 5 0.047 0.016 0.58 -1.32 C .!n }in 

106. (f :lp _ :lro 

:~616.32 19S52 47197 :~ S 0.0085 0.0028 0.099 -2.08 C 511 

107. (/ :lp .. "Do 

:1624.:~1 19.'1S2 47J:{6 :~ 5 0.012 0.0040 0.14 -1.92 C 5T1 

108. a :lp _ :11)0 

:~524.24 18:n8 46745 5 7 0.051 0.013 0.77 -LI8 C 4n,5n 
36.57.14 19S.')2 46889 :1 ;) 0.013 0.0045 0.16 -1.87 C 5n 
3670.81 20038 47272 1 3 0.026 0.016 0.19 -1.80 C 511 
3506.50 18378 46889 5 .) 0.086 0.016 0.92 -1.10 C 4n,5T1 

109. fl "p -I' "Fo 
(138) 

:~:H7.9:1 18:n8 482:~9 5 5 0.047 0.0080 0.44 -1.40 C 4T1 

110. a "p - x .lpO 

(B9) 

:~:H7.12 
i 

18:n8 ! 48516 5 :~ 0.03:l 0.0032 0.18 -1.79 I) 1211 
3510.44 20038 48516 1 3 0.052 0.029 0.33 -1.54 C 5n 

Ill. a "p - II "n° 
(l·H») 

305:),07 19S52 .52297 ~ 5 0.18 0.042 U -0.90 C+ 411 

112. a :lp _ :lDo 

2%4.65 18~78 .52213 5 7 0.12 0.021 LO -0.97 C+ 4n 

1l:1. a "p - :lpo 

2894.50 18:)78 52916 5 

I 

.5 0.63 0.080 :l.8 -0.40 C+ 4T1 

2899.42 18378 52858 5 3 0.61 0.046 2.2 -0.64 C+ 411 

2996.39 19.552 52916 3 5 0.19 0.042 1.2 -0.90 C+ 4T1 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 341 

Fe i: Allowed transitions-Continued 

.. Multiplet A(A) f-:(cm- I
) £dcm-') K, {{I ,'h.(lO' 5-

1
) i j;. Slat. u.) log p;/ Accuracy Source 

11 I. : :1)0 - I' ;n 
(1.')2) 

4260.47 193.11 42816 II II 0.37 0.10 IS 0.04 D 9 
423.1.94 19562 43163 9 9 0.23 0.062 7.8 -0.25 D 9 
4222.21 19757 4:H:15 7 7 0.06:~ 0.017 1.6 -0.93 C+ 4n 
1210.31 20020 13761~ 3 3 0.20 0.053 .")'} -0.80 C+ 4n 

4198.30 19351 43163 II 9 0.13 0.027 4.2 -0.52 D- 13n 

4187.79 19562 43435 9 7 0.16 0.034 4.2 -0.52 C+ 411 
4187.04 19757 43634 7 5 0.23 0.043 4.2 -0.52 C+ 411 
4271.1.1 197.17 43163 7 9 0.19 0.067 6.6 -0.33 D- 13n 
4250.12 19912 43435 .) 7 0.23 0.085 6.0 -0.37 C+ 411 
4233.60 20020 43634 3 5 0.20 0.092 3.8 -0.56 C+ 4n 

S. I], : ;1)0 - (' "1) 

(153) 

a980.65 19562 44677 9 9 2.6(-4) 6.2(-5) 0.0074 -3.25 C 5n 
4011.71 19757 44677 7 9 0.0011 3.4(-4) 0.032 -2.62 C 511 
397.1.21 19912 45061 5 7 0.0012 4.1(-4) 0.027 -2.69 C 5/1 

1I6 : ;no - (' ;f 

(155) 

3225.79 19:151 5m42 11 13 1.0 0.19 22 0.32 C+ 411 
.3196.93 19562 50833 9 11 0.96 0.18 17 0.21 D- lin 
3175.45 19351 50833 II II 0.13 0.020 2.3 -0.66 C+ 411 
3160.66 19562 51192 9 9 0.19 0.029 2.7 -0.59 C+ 411 
3205.40 20020 51208 3 3 1.2 0.18 5.8 -0.26 C+ 411 

II I. : ;])0 - I;]) 

(lS6) 

:1222.07 19:~51 S0378 11 11 0.35 0.055 6.4 -0.22 O- lIn 
3199.53 19562 50808 9 9 0.27 0.041 3.9 -0.43 C+ 411 
3215.94 19912 50999 5 5 0.81 0.13 6.7 -0.20 C+ 4n 
;)219.58 19757 50808 7 9 0.67 0.13 9.9 -0.03 D- lIn 

118 : ;])0 - I"]) 
(lS7) 

3217.:~O 19351 ::;042:l II 9 0.23 0.029 :)..) -0.50 C-t- 4n 
3227.80 19562 50534 9 7 1.7 0.21 20 0.28 D- 1111 
3230.96 19757 50699 7 5 0.39 0.044 3.3 -0.51 C+ 411 
3228.25 19912 50880 5 3 0,48 0.045 2.4 -0.65 O- lIn 
3248.20 19757 50534 7 7 0.22 0.035 2.6 -0.61 C+ 4n 

11 9. : ;])0 _ /' :p 

(158) 

a23:-3.97 19562 50475 9 9 0.20 0.032 :tl -0.54 C+ 411 
32:)0.21 19912 50861 5 5 0.21 0.032 1.7 -0.79 1)- 1111 

12( ). = ;1)0 - /' :;C 
(l1')/)) 

3207.07 19351 50523 II 13 0.012 0.0021 0.25 1.1.:1 II 1211 

12 I. : ;n0 _ (' 7G 

(160) 

3161.95 19351 50968 11 13 0.12 0.021 :':.1 11,":1 

I 
C+ 411 

:H68.85 19912 51461 5 7 ().os:~ fU111 fI.',I' I .:.:~) [) 1211 
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Fe I: Allowed transitions-Continued 

No. Multiplet A(A) h;(em- I) h~ (em-I) {(, {(j ..IdlO" ..,-1) II S(at. u.) log gf Accuracy Source 

122. II :IH - y "FO 

(l67) 

6988.53 19390 33695 13 II 3.2(-5) 2.0(-5) 0.0059 -3.59 C 511 

123. II :lH - = "CO 
(168) 

6593.88 19621 34782 II II 4.8(-4) 3.2(-4) 0.075 -2.46 C 511 
6462.73 19788 35257 9 9 5.2(-4) 3.3(-4) 0.063 -2.53 C 511 
6494.98 19390 34782 13 II 0.0067 0.00:~6 1.0 -1.33 0- 1411 
6393.60 19621 35257 II 9 0.0046 0."0023 0.53 -1.60 1)- 1411 

124. 1/ :IH - = :ICO 

(169) 

6252.55 19390 :{5:H9 13 II O.OO:{I 0.0015 0.41 -1.70 D- 1411 
6191.56 19621 35768 II 9 0.OOS2 0.0024 0.55 -1.57 D- 1411 
6344.15 19621 35379 II II 1.8(-4) 1.l(-4) 0.02S -2.92 C 511 
6256.37 19788 35768 9 9 5.3(-4) 3.1(-4) 0.058 -2.55 C 511 

125. f/ :IH - y :IFo 

(l70) 

.')916.25 19788 :{6686 9 9 2 . .')(-4) 1.3(-4) 0.023 -2.93 C 511 

126. f/ :IH - y :Ieo 

(l7S) 

3859.21 19390 45295 13 II 0.087 0.016 2.7 -0.67 C+ 411 
3873.76 19621 45428 II 9 0.082 0.015 2.1 -0.78 C+ 411 
3899.03 19788 45428 9 9 0.0097 0.0022 0.26 -l.70 C 1.n ,Sn 

127. 1/ :IH - = :11 0 

(177) 

3760.05 19390 4S978? 13 IS 0.057 0.014 2.3 -0.74 C+ 411,SII 
3785.95 19621 46027 II 13 0.049 0.013 1.7 -0.86 C SII 
3794.34 19788 46136 9 II 0.046 0.012 1.4 -0.96 C+ 411,511 
3753.15 19390 46027 13 13 0.0012 2.5(-4} 0.041 -2.48 C 511 

128. II :IH - :IFo 

3&89.02 19621 46721 11 '} 0.0047 7.9(-4) 0.11 -2.06 C 511 

3661.36 19788 47093 9 7 0.0030 4.6(-4) O.OSO -2.38 C 511 

129. f/ :lH - "1)0 

3688.88 19788 46889 9 9 0.0046 9.5(-4) 0.10 -2.07 C 511 

130. 1/ :IH - = :IHo 

(180) 

362:{.I9 19390 46982 13 13 0.076 0.015 2.3 -0.71 C+ 411 
3659.52 19788 47106 9 9 0.068 0.014 1.5 -0.91 C+ 411 
3637.25 19621 47106 II 9 0.0083 0.0013 0.18 -1.83 C SII 

3653.76 19621 46982 II 13 0.005:~ 0.0013 0.17 -1.86 C 511 

3672.69 19788 47008 9 II 0.0037 '9.0(-4) 0.098 -2.09 C 511 

l:{ 1. tl :tH - U' !'"ICO 

(l8I) 

:~5%.2() 19621 47420 II II 0.0055 0.0011 0.14 -1.93 C 511 
:\;,();,.HI> 19788 47590 9 9 0.0023 4.5(-4) 0.048 -2.39 C 511 
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TRANSITIONPROBABILITIESFQR IRON, COBALT, AND NICKEL 343 

Fe I: Allowed transitions-Continued 

No., Multiplet i\(A) f.: (cm- I) E,dcm- I) gi g. Ak;(10B S-I) j;k S(at. u.) loggf Accuracy Source 

132. (l :IH._ I' "Fo 

(182) 

3531:44 19621 47930 11 9 0.0028 4.4(-4) 0.056 -2.32 C 5n 

133. (l :iH_ "H o 

3514.63 19390 47835 13 H 0.0044 6.9(-4) 0.10 -2.05 C 5n 
3543.39 19621 47835 11 11 0.0036 6.7(~4) 0.086 -2.13 C 5n 
3567.37 19788 47812 9 9 0.0041 7.9(-4) 0.083 . -2.15 C 5n 

'. 
134. a:IH - :; Ino 

(186) 

3496.19 19788 48383 9 11 2.9(-4) 6.5(-5) 0.0068 -3.23 C 8 

135; (l ;IH._ t' :ICO 

; (191) 

3325.46 19788 49851 9 7 0.020 0;0025 0.25 -1.64 0 12n 

136. (l "H - II "Co 

(194) 

3119.49 19621 51668 II 9 0.096 0,011 1.3 -0.90 C+ 4n 
3120.43 19788 51826 9 7 0.10 0.012 l.l -0.97 C+ 4n 

137. (l "H - IV -;In° 

(198) 

3009.09 19390 52613 13 11 0.079 0.0090 1.2 -0.93 C+ 4n 
3015.92 19621 52769 11 9 0.069 0.0077 0.85 -:-1.07 C 4n 

138. (l "H - )' :11 0 

(199) 

300531 19390 52655? 13 IS 0.024 0.OQ38 0.48 -1.31 C 8 
3039.32 19621 52514 11 13 0.016 0.0026 0.29 -1.54 C '8 
3018.14 19390 52514 13 13 0.012 0.0016 0.21 -1.67 C 8 

139. (l ;IH _:; IJO 

(200) 

2986.65 19621 53094 11 13 0.0085 0.0013 0.15 -1.83 C 8 

140. (/ ;IH - X :11 0 

(uv 156) 

2656.15 19390 57028? 13 15 0.28 0.031 3.9 -0.35 C 8 

2669.49 19621 57070 II 13 0.17 0.021 2.1 -0.63 C 8 

141. h :IF - : "CO 

(205) 

6839.83 20641 35257 9 9 6.6(-5) 4.6(-5) 0.0094 -:3.38 C 5n 

142. b :IF - :; :ICO 

(206) 

6609.12 20641 
-'. 

35768 9 9 3.1(-4) 2.0(-4) 0.040 -2.74 C 5n 
6575.02 20874 ·36079 7 7 3.9(-4) 2.5(-4) 0.038 -2.75 C 5n 
6475.63 20641 36079 9 7 3.1(:-4) 1.5(-4) 0.029 -2.87 C 5n 
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Fe J; Allowed transitions-Continued 

No. Multiplet X(A) f.: (em-I) f.'dcm- ' ) K. Kk Aj .i (l0" S - I) f;. S(at. u.) log gf A~euracy Source 

143. b :IF -.y :'Fo 

(207) 

6230.73 20641 36686 9 9 0.0087 0.0051 0.94 -1.34 0- 1411 
6137.69 20874 37163 7 7 0.0078 0.0044 0.62 -1.51 D- 1411 
6065.48 21039 37521 5 5 0.010 0.0058 0.58 -1.54 D- 1411 
6200.32 21039 37163 5 7 9.4(-4) 7.6(-4) 0.078 -2.42 C 511 

144. b :'F - y :100 

(209) 

5567.40 21039 38996 5 3 0.0013 .3.7(-4) 0.034 -2.73 C 511 
5778.47 20874 38175 7 7 8.6(-5) 4.~(-5) 0.0057 -3.52 C 511 
5667.67 21039 38678 5 5 4.6(-4) 2.2(-4) 0.020 -2.96 C 511 
5833.93 21039 ;Still:' :, '1 7.~(-:') 5.1(-5) 0.0049 -3.59 C 5n 

145. b :IF - 1(' "))0 

(214) 

4288.96 20874 44184 7 5 0.0025 5.0(-4) 0.049 -2.46 C 511 
4277.41 21039 44411 5 :1 0.0014 2.2(-4) 0.016 -2.95 C 511 

146. Ii :'y _ r'l)o 

4275.72 20641 44023 9 9 6.9(-4) 1.9(-4) 0.024 -2.77 C 511 

147. I) :'r - X :In° 
(217) 

4067.27 20641 4.'5221 9 7 0.025 0.0049 0.58 -1.36 C 411 
409.'5.97 20874 4.'5282 7 5 0.037 0.0067 0.63 -1.33 C 411,511 
1078.35 21039 15552 5 3 0.050 0.0074 0.50 -1.43 C 4n,.';" 

4106.27 20874 45221 7 7 0.0033 8.4(-4) 0.080 -2.23 C 5n 

148. b :'r - y :'CO 

(218) 

4055.03 20641 45295 9 II 0.0069 0.0021 0.25 -1.73 C 511 
4049.34 20874 45563 7 7 0.0029 7.2(~4) 0.067 -2.30 C 41/,511 

4011.42 20641 45563 9 7 0.0028 5.2(-4) 0.062 -2.33 C 511 

149. /, :'F - x ~'Co 

(219) 

4019.05 21039 4591:l 5 7 0.0012 3.9( 4) 0.026 2.71 C .~JI' 

150. " :'F - "Fo 

3833.31 20641 46721 9 9 0.059 0.013 1.5 -0.93 C+ 411,511 

3821.83 21039 47197 5 5 0.089 0.020 1.2 -1.01 C+ 411 ,511 

3797.95 20874 47197 7 5 0.021 0.0032 0.28 -1.65 C 51/ 

3867.93 20874 46721 7 9 0.0072 0.0021 0.18 -1.84 C 411,511 

3837.13 21039 47093 5 7 0.015 0.0047 0.30 -1.63 C 4n,511 

151. Ii :'F - 5))0 

3808.73 20641 46889 9 9 0.048 0.010 1.2 -I.O:~ C+ 411,511 
3848.29 21039 47017 5 7 0.0050 O.OOlu 0.098 -2.11 C 411 

152. Ii :'F- :'))0 

3829.77 20641 46745 9 7 0.0078 0.0013 0.15 -1.92 C 511 

153. I, :'F - = :IHo 

(223) 

3791.50 20641 47008 9 II 0.0039 0.0010 0.12 -2.03 C 5n 

3777.45 20641 47106 9 9 0.015 0.0033 0.37 -1.53 C 411,Sn 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 
Fe I: Allowed transitions-Continued 

N o. Multiplet A(A) ";i(cm- I) h.j:(cm- l) gi g,. Aki(lO" S-l) f;, 8 (at. u.) log gf Accuracy Source 

54. b :IF -!(l "CO 

(225) 

3731.37 21039 47831 5 5 0.049 0.010 0.63 -1.29 C 4n,5n 

55. 1i'~F - 10° 

3766.09 20874 47420 7 5 0.0080 0.0012 0.11 -2.07 C 5n 

c;.f. b :'F - = leO 

(227) 

3728.67 20641 47453 9 9 0.013 0.0028 0;31 -1.60 C 5n 
3761.41 20874 47453 7 9 0.0077 0.0021 0.18 -1.83 C 5n 

57. b at' - I' "",0 

(229) 

3668.89 20874 48123 7 7 0.0028 5.7(-4) 0.048 -2.40 C 5n 

58. b :'F - "HO 

I 

3676.31 20641 47835 ; 9 11 0.061 0.Ql5 1.6 ·-0.87 C+ 4n,5n 
3711.22 20874 47812 7 9 0.039 0.010 0.89 -1.14 'C 5n 
3730.95 21039 47834 5 7 0.045 0.013 0.81 -1.18 C 4n,:>n 

59. II :'F _ I' r,po 

(2:'H) 

3658.55 20641 47967 9 7 0.0026 4.1(-4) 0.045 -2.43 C 511 

60; b :IF - lI' :'CO 
'\ 

(233) 

3636;99 20874 48362 7 9 0.017 0.0044 0.37 -1.51 C 511 

61. Ii :IF - X :'po 

(235) 

3644.58 20874 48305 7 5 0.0042 6.0(-4) 0.050 -2.38 C 511 

62. b :'F - : IHO 

3603.67 20641 48383 9 11 0.0023. 5.4(-4) 0.058 -2.31 C 8 

6:t b "r - J' lCO 
(237) 

3592.47 20874 48703 7 9 0.0023 5.7(~4) 0.047 -2.40 C 511 

M. II "F - w "Fo 
(238) .. 

3511.74 20641 49109 9 9 0.0026 4.9(-4) 0.050 -2.36 C 511 
~:;~OJ~:; 21039 49433 5 5 O.oI5 0.0028· 0.16 -1.85 C 5" . 3495.29 20641 49243 9 7 0.l3 0.019 2.0 -0.77 c+ 4/1 

3500.57 20874 49433 7 5 0.034 0.0044 0.36 -1.51 C 511 

65. liar - I' :'00 

(239) 

3524.08 20874 49243 7 5 0.091 0.012 0.99 -1.07 C 4n,51l 
3537.73 21039 49298 5 3 0.13 0.014 0.82 -l.l5 C 511 
3544.63 21039 49243 5 5 0.017 0.0032 0.19 -1.79 C 511 

66. b aF - /I "DO 

(258) 
I 

3176.36 21039 1 52512 5 3 0.086 I 0.0078 0.41 -1.41 D 1211 
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346 FUHR ET AL. 

Fe I: Allowed transitions-Continued 

No. Multiplet A(A) f.,:(cm- I) f.,~(cm-I) gi gl ..t1;(1O" S-I) j;l S(at. u.) log Eif Accuracy Source 

167. h :'F - :11)0 

3166.44 20641 52213 9 7 0.14 0.016 1.5 -0.84 C+ 4n 

168. a :IC - .f" :'Fo 

(268) 

6677.99 21716 36686 II 9 0.0060 0.0033 0.80 -1.44 D- 1411 

6592.91 21999 37163 9 7 0.0059 0.0030 0.58 -1.57 D- 1411 
6546.24 22249 37521 7 5 0.0075 0.0034 0.52 -1.62 D- 1411 
6806.85 21999 36686 9 9 0.0011 7.7(-4) 0.16 -2.16 C 511 
6703.57 22249 37163 7 7 1.7(-4) 1.2(-4) 0.Ql8 -3.09 C 511 

169. II·:IC - y :I\)O 

(269) 

6180.22 21999 38175 9 7 4.9(-4) 2.2(-4) 0.040 -2.71 C 511 
6085.27 22249 38678 7 5 2.6(-4) 1.0(-4) 0.015 -3.14 C 5n 

170. II :Ie - y :1<;0 

(273) 

4266.96 21999 45428 9 9 0.010 .0.0027 0.34 -1.61 C 51! 
4288.13 22249 43303 7 7 0.0072 0.0020 0.19 -1.80 C 411,511 

171. II :IC - X "CO 

(274) 

4145.21 21716 45833 II 9 8.0(-4) 1.7(-4) 0.025 -2.73 C 5n 

172. II :Ie - :'Fo 

3998.05 21716 46721 II 9 0'()75 0.015 2.1 -0.79 C+ 411,5n 

3983.96 21999 47093 9 7 0.089 0.\)16 1.9 -0.83 C+ 4n,5n 

4007.27 22249 47197 7 5 0.049 0.0084 0.78 -1.23 C 4n 

4024.11 22249 47093 7 7 0.0035 8.4(-4) 0.078 -2.23 C 5n 

In. II :Ic _ c'Do 

3971.:~2 21716 46889 II 9 0.068 0.01:~ 1.9 -0.84 C 4n,5n 
:~995.98 21999 47017 9 7 0.024 0.0045 0.54 -1.39 C 4n,5n 

4036.37 22249 47017 7 7 9.9(-4) 2.4(-4) 0.023 -2.77 C 5n 

4057.34 22249 46889 7 9 0.0053 0.0017 0.16 -1.93 C 4n,511 

174·. II :Ie - ;:; :lHo 

(278) 

:~997.39 21999 47008 9 11 0.16 0.046 5.5 -0.38 C+ 411 

4021.87 22249 47106 7 9 0.10 0.032 3.0 -0.65 C+ 4n 

3952.60 21716 47008 11 II 0.052 0.012 1.8 -0.87 C 411,511 

3981.77 21999 47106 9 9 0.046 0.011 1.3 -1.01 C+ 4n,511 

:~937.3:~ 21716 47106 II 9 0.020 0.0038 0.54 -1.38 C 4n,511 

175. a "c - Ie c'C o 

(280) 

3945.12 22249 47590 7 9 0.018 0.0054 0.49 -1.42 C 5n 

386:U4 21716 47590 11 9 0.025 0.0047 0.65 -1.29 C 4n,5n 

3890.84 21999 47693 9 7 0.035 0.0061 0.70 -1.26 C 411,5n 

3907.93 22249 47831 7 5 0.080 0.013 1.2 -1.04 C 4n,5n 

176. II :lc - ;:; leo 

(282) 

3884.36 21716 47453 II 9 0.042 0.0077 l.l -1.07 C 411,5n 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 347--

Fe J: - Allowed transitions-Continued 

No. Multiplet A(A) r,:(cm- i) f-~-(cm-I) g; gk A.,(10tis -I) i p. S(at. u.) log gf Accuracy Source 

177. ft ;IC ~ l' 5Fo 

(283) 

3813.63 21716 47930 11 9 0.017 0.D030 0.42 -1.48 C 4n,Sn 

3826.84 21999 48123 9 7 0.Ql8 0.0030 0.34 -1..57 C Sn 

178; (/ ;IC _ ~Ho 

3872.92 21999 47812 9 9 0.010 0.0023 0.27 - -1.68 C Sn 

3907.47 22249 47834 7 7 0.0094 0.0022 0.19 -1.82 C Sn 

3910.84 22249 47812 7 -9 O.OIS 0.0043 0.39 -1.52 C fin 

179. (/ ;le - I(l ;ICO 

(287) 

3770.30 2.1716 48231 11 11 0.020 0.0044 0.59 -1.32 C Sri 

3792.1S 21999 48362 9 9 0.023 O.OOSO 0.56 -1.35 C 4n,5n 

3811.89 22249 . 48476 7 7 0.040 0.0086 0.76 -1.22 C 4n,5n 

3751.82 21716 48362 11 9 0.0050 8.7(-4) 0.12 -:-2.02 C 5n 
3775:86 21999 48476 9 7 0.0026 4.3(-4) 0.048 -~.41 C ~n 

180. a ;IC _:; iH o . 

(289) 

3789.18 21999 48383 9 II 0.025 0.0067 0.7S -1.22 C 4n,5il,8 

181. (/ ;IC - :v .leo 
(290) 

3704.46 21716 48703 11 9 0.14 0.023 3.1 -0.60 C+ 4n 

182. (/ ;IC _ 7(' ;'FO 

(291) 

3649.51 21716 49109 11 9 0.43 0.071 9.3 -0.11 C+ 4n 
3669.52 21999 49243 9 7 0.30 0.047 S.2 -0.37 C+ 4n 
3677.63 22249 49433 7 5 0.82 , 0.12 10 -0.08 C+ 4n 

183. ft ;IC - 7' ;11)0 

(292) 

3684.11 21999 49135 9 7 0:34 0.054 5.9 -0.31 C+ 4n 
3718.41 22249 49135 7 7 0.063 0.013 1.1 . -1.04 C 4n,5n 

184, (/ ;'e -)' ;'Ho 

(294) 

3606.68 21716 49434 11 13 0.84 0.19 25 0.33 C+ 4n 
3621.46 21999' 49604 9 11 0.52 0.12 13 0.05 'C+ 4n 
3638.30 22249 49727 7 9 0.27 0.068 5.7 -0.32 C+ 411 
3605.45 21999 49727 9 9 0.65 0.13 14 0.06 C+ 4n 
3568.98 21716 49727- 11 9 0.035 0.0055 0.71 -1.22 C 5n 

185. (/ ;IC - l' ;IG~ 

(295) 

3603.20 21716 49461 11 11 0.27 0.052 6.8 -0.21 C+ 411 
3622.00 22249 49851 7 7 0.53 0.10 8.h --0.14 C+ 411 
3640.39 21999 49461 9 11 0.39 0.095 I(l --(J,07 C+ 4f1 
3651.47 22249 49628 7 9 0.64 0.16 14- 0.06 C+ 4rr 

186. (/ :IC _ X leO 

(297) 

349.~.69 21999 50614 9 9 0.00.')4 9.9(-4) 0.10 -2.05 C 5" 
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VIH FUHR ET AL. 

h· I: Allowed transition,; Conlilllw.1 

----

I I No. Multiplet A(A.) h;i(cm- I
) Edcm- I

) {!.i 
I 

{!.I- Al-iOO" 5-
1
) j;,. S(at. u.) log f!! Accuracy Source 

187. a :le - l' :IFo I 

~ (~Ol) 

i 
~41l.35 21999 51 :~O5 9 9 0.065 0.011 l.l -0.99 C+ 4n 

188. II Y; - II "CO 

(:~04) 

:B70.78 21716 51:n4 II 11 0.34 0.OS7 7.0 -0.2.0 C+ 411 
3:,69.S5 21999 51668 9 9 0.25 0.042 4.2 -0.42 C+ 4n 
.1380.11 22249 51826 7 7 0.24 0.041 3.2 -0.54 C+ 4n 
3337.66 21716 S1668 11 9 0.067 0.0091 1.1 -1.00 C+ 411 

189. (( :le _ I :leO 

(31~) 

3098.19 21716 53983 II 11 0.1) 0.016 1.8 -0.76 C+ 411 

190. ft \; - l' "Ho 

I 

(:~16) 

2990.:W i 21999 55430 9 II 0.40 0.065 5.8 -0.23 C+ 4n 
3011.48 22249 55446 7 9 0.48 0.084 5.8 -0.23 C+ 4n 

191. fI \; - Il' IFo 

(~17) 

2980.53 22249 

I 
55791 7 7 0.22 O.O~O 2.1 -0.68 C+ 411 

192. (1 "e - 1/ "Ho 
(uv 1(7) 

2925.36 22249 5M2:{ 7 9 0.19 0.031 2.1 -0.67 C+ 411 

193. :: 7Fo _ (. 71) 

(:-318) 

4920.50 22846 43163 11 9 0.36 0.11 19 0.07 C+ 4n 
4891.49 22997 43435 9 7 0.:30 0.032 12 -0.13 C+ 4n 

4871.32 23111 43634 7 5 0.22 0.057 6.4 -0.40 C+ 411 
4859.74 23192 43764 5 3 0.15 0.031 2.5 -0.81 C 4n,511 
4918.99 23111 43435 I 7 O.U U.002 7.1 -0.30 C-t- 411 

4890.75 23192 43634 5 5 0.21 0.076 6.1 -0.42 C+ 411 
4872.14 23245 43764 3 3 0.24 0.086 4.1 -0.59 C+ 411 
4903.31 23245 4:-3634 3 S 0.054 0.033 1.6 -1.01 C 411,5n 
4878.21 23270 43764 1 3 0.11 0.11 1.0 -0.94 C\ 411 

194. :: 7Fo _ (' ']) 

(:-319) 

4554.47 23111 45061 7 7 4.8(-4) 1.5(-4) 0.016 -2.98 C 511 

4515.16 23192 45334 5 S 4.5(-4) 1.4(-4) 0.010 -3.16 C 511 
4635.62 23111 44677 "7 9 1.0(-4) 4.3(-5) 0.0046 -3.52 C 5n I 

4571.44 23192 45061 5 7 2.9(-4) 1.3(-4) 0.0095 -3.20 C 511 
4525.88 23245 45334 3 S 4.8(-4) 2.5(-4) 0.011 -3.13 C 511 

195. :: 7rO _ c' 7F 

(:;21) 

:~610.16 22650 50:)42 I :~ ).) 0.50 0.097 15 0.10 C+ 411 

3572.00 22846 50833 11 11 0.25 9.048 6.2 -0.28 C+ 411 

3552.83 23192 51331 5 5 0.17 0.032 1.9 -0.80 C 4n,SII 
.:J5ill.ll 22997 51149 9 7 0.0035 5.2(-4) 0.055 -2.33 C :ill 

:-3568.42 23192 51208 5 3 0.062 0.0071 0.42 -1.45 C 511 
! :IS91.:15 22997 50833 9 11 0.0084 0.0020 0.21 -1.75 C 511 ! 

I 

:::-,tltl.ll-;- :~:ll I I ;j) )92 7 9 0.0040 9.7(-4) 0.079 -2.17 C 5n 
.:', ":: '~H :~'~~~~'n r; 12flH 1 :~ 0.07>1 0.0>13 0.50 -1.37 C 5n 
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TRANSITION PROBABILITIES FOR IRON, COBAL T,ANO NICKEL 349 

Fe 1: Allowed transitions-Continued 

~ 

No. Multiplet A(A) A: (cm- I
) A~(cm~l) gi gk Aki(lO" 5-

1
) f; S(at. u.) log gf Accuracy Souwe 

196. = 7Fo - f 7D 

(322) 

3594.63 22997 '50808 9 9 0.28 0.054 5.8 -0.31 C+ 4n 

359.530 23192 50999 5 5 0.064 0.012 0.73 -1.21 C 5n 

3602.08 23245 50999 3 5 0.035 0.011 0.40 -1.47 C 5n 

197. = 7Fo - /"1) 
(323) 

3630.35 22997 50534 9 7 0.089 0,014 1.5 -0.91 C 5n 

3610.70 23192 50880 .5 3 0.084 0.0098 0.58 -1.31 C 5n 

3641.45 23245 50699 3 5 0.0061 0.0020 0.072 -2.22 C 51! 
I 

198. I = 7Fo _ (. 7p 

I (:i24) 

3620.24 22997 50611 9 7 0.014 0.0022 - 0.23 -1.71 C 5n 

3613.15 23192 50861 5 5 0.023 0.0045 0.27 -1.65 I C 5n 

199. = 7Fo - (' "C 
(325) 

3572.59 22997 50980 9 9 0.022 0.0041 0.44 -1.43 C :"J1l 

3612.07 22846 50523 II 13 0.077 0.Ql8 2.3 -0.71 C+ 4n 

3567.03 23192 51219 5 7- 0.077 0.020 1.2 -0.99 C 5n 

200. = 7Fo _ (' 7C 

(326) 

:-1541.08 22997 51229 9- 11 0.64 0.15 15 0.12 C+ 4n 

3542.08 23111 51335 7 9 0.76 0.18 15 0.11 C+ 4n 
3536.56 23192 51461 5 7 0.80 0.21 12 0.02 C+ 4n 

3530.39 22650 50968 13 13 0.038 0.0070 1.1 -1.04 C Sn 

3522.27 22846 51229 11 11 0.038 0.0011 0.90 -!.II C 5n 
3527.79 22997 51335 9 9 0.20 0.038 3.9 -0.47 C 4n,5n 

3529.82 23245 51567 3 3 0.78 0.15 5.1 -0.36 C+ 4n 
3509.12 22846 51335 11 9 0.0054 8.1(-4) 0.10 -2.05 C 5n 
3512.22 22997 51461 9 7 0.024 0.0035 0.37 -1.50 C 5n 
3516.56 23111 51540 7 5 0.044 0.0058 0.47 -1.39 C 5n 
3523.31 23192 51567 -5 3 0.090 0.010 0.58 -1.30 C 5n 

201. = 7Fo - /"F 
(:~27) 

3537.90 -22846 51103 II 11 0.086 0.016 2.1 -0.75 C 5n 

3556.88 22997 51103 9 II 0.45 0.10 II -0.03 C+ 4n 
3518.68 23192 51604 .5- 7 0.018 0.0048 0.28 -1.62 C 5n 

202. = 7Fo - g "I) 

(329) 

3540.12 231 II 51350 '7 9 0.12 0.029 2.4 -0.69 C+ 4n , 

203. = 7Fo _ (' 75 

(330) 

3522.90 23192 51570 5 7 0.025 0.0065 0.38 -1,49 C 5n 

204. b ;'p - y ;'j)0 

(342) 

6518.38 22838 38175 5 7 4.7(-4) 4.2(-4) O'(H5 -2.68 C 51/ 
6355.04 22947 38678 3 5 0.0015 0.00]5 0.09::1 -2.35 C 51/ 
6270.24 23052 38996 I 3 0.0013 0.0023 0.047 -2.64 C 5n 

6311.51 22838 38678 5 5 
! 

2.3(-4) 1.4(-4) 0.014 -3.16 C 5n 

6229.23 22947 38996 3 I 3 I 7.2(-4) 4.2{-4) 0.026 -2.90 C 5n 
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350 FUHR ET AL. 

Fe I: Allowed transitions-Continued 

No. Multiplet A(A) I £;(cm- I) f.k(cm- I) g; gl A1;(lO" S-I) I j;k Slat. u.) log gf Accuracy Source I I 

205. b :Ip _ = "50 

(345) 

5536.59 22838 40895 5 5 7.9(-5) 3.6(-5) 0.0033 -3.74 C 5n 

206. b :lp - l(I "])0 

(346) 

4741.53 22838 43923 5 7 0.0049 0.0023 0.18 -1.94 D IOn 
4683.57 22838 44184 5 5 0.0021 6.9(-4) 0.053 -2.46 C 5n 
4657.59 22947 44411 3 3 0.0015 4.9(-4) 0.023 -2.83 C 5n 

207. " :lp _ "Fo 

4687.39 22838 44166 5 7 7.9(-4) 3.6(-4) 0.028 -2.74 C 5" 
1695.03 22917 44285 3 5 3.3( 4) 1.0( 4) 0.0003 -3.27 C :in 

208. b :Ip _ 5])0 

4603.34 22947 44flh4 ~ ') 5.4(-4) 2.3(-4) 0.013 -3.07 C 5n 

209. h :lp - .i' "5° 

(349) 

4635.85 22947 44512 3 5 0.0028 0.0015 0.068 -2.35 C 5n 

210. b "p - x "])0 

(350) 

4466.55 22838 45221 5 7 0.13 0.053 :t9 -0.58 C+ 4n 
4443.19 23052 45552 I 3 0.13 0.11 1.6 -0.95 C+ 4" 
4454.38 22838 45282 5 5 0.044 0.013 0.97 -l.l8 C 4" 
4422.57 22947 45552 3 3 0.10 0.030 1.3 -1.04 C 4" 
4401.44 22838 45552 5 3 0.030 0.0053 0.38 -1.58 C 5n 

211. b :lp _ U' "po 

(351) 

4290.87 22838 46137 5 7 0.0052 0.0020 0.14 -2.00 C 5" 
4279.86 23052 46410 I 3 0.0067 0.0055 0.077 -2.26 C 5" 
4258.62 22838 46314 5 5 0.0083 0.0022 0.16 -1.95 C 5" 
4241.11 22838 46410 5 3 0.0045 7.3(-4) 0.051 -2.44 C 5n 

212. b :Ip_ = :150 -1217.7 22898 46601 9 3 0.20 0.018 2.2 -0.80 C 4n,51/ 
(352) 

4207.13 22838 46601 5 3 0.051 0.0081 0.56 -1.39 C 4n,511 

4226.42 22947 46601 3 3 0.044 0.012 0.49 -1.45 C 4",511 
4245.26 23052 46601 1 3 0.096 0.078 l.l -l.ll C 4",511 

213. h :Ip _ y :Ipo 

(355) 

4184.89 22838 46727 5 5 0.12 0.0:12 2.2 -0.79 C+ 4n 

4173.32 22947 46902 3 3 0.024 0.0064 0.26 -1.72 C 51/ 
4213.65 22947 46673 3 1 0.23 0.021 0.86 -1.21 C 4n,5" 
4191.68 23052 46902 I 3 0.057 0.045 0.62 -1.35 C 5n 

214. Ii "p - :lro 

4121.80 22838 47093 5 7 0.034 0.012 0.82 -1.22 C 41/,5" 
4122.51 22947 47197 3 5 0.034 0.015 0.59 -1.36 I C 5n 
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TRANSITION PROBABILITIES F()RIRON, COBAL T,ANO NICK~L 351 

Fe I: Allowed transitions-Continued 

No, Multiplet A(A) fJ~(cm-l) Edcm- I
) gi gk AI-i(lb" S-I) /14 S(at.u.) log gf Accuracy Source 

." 

215. Ii ;Ip _ ~'Do 

4134.68 22838 47017 5 7 0.18 0.066 4.5 -0.48 C+ 4n 
4132.90 22947 47136 3 5 0.11 0.047 1.9 -0.85 C+ 4n 
4114.45 22838 47136 5 5 0.056 0.014 0.96 -1.15 C 4n,5n 
4125.88 22947 47177 3 3 0.018 0.0045 0.18 -1.87 C 5n 
4107.49 22838 47177 5 3 0.25 0.038 2.6 -0.72 C+ 4n 
4126.88 22947 47171'? 3 1 0.013 0.0011 0.046 -2.47 C 5ri 

216. b :Ip -, :100 416.5 . .5 22898 46898 9 15 0;36 0.15 19 0.14 C 4ri,5n,13n 

4181.75 22838 46745 5 7 0.35 0.13 8.9 -0.19 0- 13n 
4175.64 22947 46889 3 5 0.17 0.073 3.0 -0.66 C+ 4n 
4127.61 23052 47272 1 3 0.16 0.12 1.6 -0.92 C+ ,,' 4n 

4156.80 22838 46889 5 5 0.19 0.049 3.4 -0.61 C+ 4n 
4109.80 22947 47272 3 3 0.19 0.048 2.0 -0.84 4:+ 4n 
4091.55 ' 22838 47272 5 3 0.Oi2 0.0018 0.12 -2.05 C 4n,5n 

217. II :lp _ Ino 

4085.00 22947 47420 3 5 0.049 6.021 0.83 -1.21 C 5n 

218. [} :lp _ .y :ISO 10,51.3 22898 47556 9 3 0.44 0.036 4.3 -0-,\9 C 4n,5n 
(359) 

4044.61 22838 47556 5 3 0.13 0.020 1.3 -1.01 C 5n 
4062.44 22947 47556 3 3 0.23 0.057 2.3 -0.77 C+ ' 4n 
4079.84- 23052 47556 1 3 0.073 0.055 0.74 -1.26 C 4n,5n 

219. b ;Ip _ l' "Fo 

(362) 

3953.86 22838 48123 5 7 0.0067 0.0022 0.14 -1.96 C 5n 
3935.31 22947 48351 3 3 0.023 0.0053 0.21 -l.80 C 5n 

220. b :lp _ " 5po 

(3tH) 

3964.52 22947 48163 3 5 0.029 0.011 0.44 -1.47 C 4h,5n 
, 3961.15' 23052 48290 1 3 0.027 0.019 0.25 -L72 C 5n 

3944.75 22947 48290 3 3 0.011 0.0032 0.12 -2.02 C 5n 

221.- b :Ip _ x' "po 

(364) 

3909.83 22947 48516 3 3 0.076 0.017 0.68 -1.28 C Sn 
3942.44 22947 48305 3 5 0.11 0.042 1.6 -0.90 C 4n,5n 

222. b :Ip - I' :Ino -

(3('>7) 

3801.68 22838 49135 5 7 0.077 0.023 1.5 -0.93 C 5n 
3809.04 23052 49298 1 3 0~018 0.012 0.15 ~1.92 C 5n 
3786.19 22838 19213 5 5 0.14 0.030 1.8 ' 0.83 C 5n 
3793.87 22947 49298 3 '3 '0.087 0.019 0.70 -1.25 C 5n 
3778.32 22838 49298 5 3 0.028 0.0036 0.22 -1.75 C 5n 

223. b :lp _ W :\PO 

(369) 

3655.46 22838 50187 5 5 0.12 0.023 1.4 ~0.9:~ C 4n,5n 
3674.77 22838 50043 5 3 0.079 0.0096 0.58 -1.32 C 5n 
3702.03 22947 49951 

! 
3 1 0040 0.028 1.0 -1.08 C 4n,5n 

3703.82 23052 50043 1 3 0.l4 0.085 1.0 -1.07 C 5n 
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352 FUHR ET AL. 

Fe I: Allowed transitions-Continued 

. --

II. Muilipipi A(A) k:(cm~l) Hdcm- I
) Kt ~! A/-i(lO· 5-

1
) j;. S(at. 11.) log {{( Accuracy Source 

)4. /) "p _ "po 

3:~23.74 228:l8 52916 5 5 0.31 0.051 2.8 -0.59 C+ 411 
3354.06 23052 52858 1 3 0.11 0.058 0.64 -1.24 C 511 

S. = 7pO _ (' 71) ! 
I 22 

(:~83) 

! 
i 

52:t~.94 23711 42816 9 11 0.15 0.073 II -0.18 C 4n,5n 
5266.S5 24181 43163 7 9 0.088 0.047 5.7 -0.48 C+ 4n 
5281.79 24507 43435 S 7 0.038 0.022 2.0 -0.95 C+ 4n 
5068.77 23711 43435 9 7 0.026 0.0077 1.2 -LI6 C 4n,511 

22 6. = 7po _ (' :']) 

(:~RJ.) 

4787.8:3 24181 45061 7 7 8.3(-4) 2.9(-4) 0.031 -2.70 C 5r1 
4800.13 24507 45334 5 5 0.0012 4.3(-4) 0.034 -2.67 C 5n 
4682.56 23711 45061 9 7 3.8(-4) 9.7(-5) 0.013 -3.06 C 511 
4726.14 24181 45334 7 5 :1.9(-4) 9.4(-5) 0.010 -3.18 C 5r1 

; 4877.61 24181 44677 7 9 2.6(-4) 1.2(-4) 0.013 -3.08 C Sri 
i 

.., ,. 22 
I = po _ (' :F 

(385) 
I 

3686.00 23711 50833 9 11 0.26 0.065 7.1 -0.23 C+ 4r1 

i 3701.09 24181 51192 7 9 0.49 0.13 II -0.04 C+ 4r1 

i 
3637.86 2:nll 51192 9 9 0.064 0.013 1.4 -0.94 C Sri 
:n26.93 24507 51331 5 5 0.47 0.098 6.0 -O.:H C 5r1 
:-l744.IO 24507 51208 5 3 0.38 0.048 3.0 -0.62 C+ 4r1,511 

22 8. 
I 

= :po _ / 7n 

I (:~86) 

:-I7S·1.'=;1 24181 S0808 7 9 0.028 0.0077 0.66 -1.27 C 511 
;-l7..J.6.93 24181 50862 7 7 0.23 0.048 4.2 -0.47 C 5n 
3773.70 24507 50999 5 5 0.039 0.0083 0.52 -1.38 C 5n 

3766.67 24507 51048 5 3 0.11 0.014 0.90 .-1.l4 C 5n 

)9. 2:.. = :po - / :'1) 

(387) 

3712.62 2:3711 50423 9 9 0.11 0.023 2.6 -0.68 C+ 411,511 
:n27.09 23711 50534 9 7 0.20 0.033 3.6 -0.53 C 511 

m = :1'0 - (' P 

(:l88) 

3n.'d2 2:~71 J 5047S 9 9 0.24 0.051 5.6 -0.34 C Sn 
3782.45 24181 50611 7 7 0.015 0.0031 0.27 -1.66 C 5n 

~1. = 7po _ {' :'C 

(;~H':J) 

:~70:l.69 2:3711 50704 9 II 0.062 0.016 1.7 -0.85 C 51l 

:3697.13 24181 51219 7 7 0.21 0.043 3.7 -0.52 C+ 41l 

3676.88 24181 51370 7 .5 0.027 0.0038 0.33 -1..57 C 511 

):2. : :1'0 - (' 'C 
(:l90) 

3681.64 24181 51:n5 { 9 O.OIS 0.0040 0.34 -1.55 C 5n 

:~664.69 24181 51461 7 7 0.025 O.OOSI O.4:l -1.45 C Sri 
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TRANSITION PROB"ABILITIES FOR IRON, COBAL T,ANO NICKEL 353 
Fe I: Allowed transitions~Continued 

::-

N o. Multiplet A(A) f.~(cm-I) Edcm- I
) gi gAo Aj"i(lO" 5-

1
) h i 

Seat. u.) log gf Accuracy Source 
-

::I:~. = ~po - f ~'F 

(391) 

3664.54 24181 51462 7 9 0.040 0.010 0.87 -1.l4 C 5n 

34. = 7po _ I' 7S 

(394) 

3650.03 24181 51570 7 7 0.12 0.023 1.9 -0.79 C 5n 
3694.01 " 24507 51570 5 7 0.70 0.20 12 0.00 C+ 4n 

35~ =~po _ I' ~'p 

(395) 

3614.77 24181 51837 7 7 0.040 0.0079 0:65 -1.26 C 5n 
3657.89 24507 51837 5 7 0.039 0.011 0.66 -1.26 C 5n 

J 

36. = 7po _ g 7J) 

(396) 

3322.47 23711 53801 9 II 0.058 0.012 1.1 -0.98 D 12n 

2 37. h "e '- .y :lno 

(404) 

7112.18 24119 38175 9 7 1.8(-4) 1.l(-4) 0.022 -3.02 C 5n 

38. b :Ie - y :'eo 

(409) 

4647.43 23784 45295 11 II O.oI5 0.0048 0.80 -1.28 D- 14n 
4691.41 24119 45428 9 9 0.013 0.0042 0.59 -1.42 D- 14n 
4618.76 23784 45428 11 9 0.0019 4.9(-4) 0.082 -2.27 C 5n 
4661.97 24119 45563 9 7 0.0018 4.5(-4) 0.063 -2.39 C 5n 
4740.34 24339 45428 7 9 8.1(-4) 3.5(-4) 0.038 -2.61 C 5n 

39. " :'e - X 5CO 
(410) 

460:J.9:i 24119 43833 9 9 5.9(-4) 1.9(-4) 0.026 -'2.Ti C 5n 
4633.76 24339 45913 7 7 4.9(-4) 1.6(-4) 0.017 -2.96 C 5" 

2 40. b :'C - :lFo 

4358.50 23784 46721 II 9 o.on 0.0025 0.40 -1.56 C 4n,5n 
4351.54 24119 47093 9 7 Om7 0.0037 0.47 -1.48 C 5n 
4423.14 24119 46721 9 9 0.0014 4.0(-4) 0.053 -2.44 C 5n 

2 41. b :Ie _ 51)0 

4326.75 23784 46889 II 9 0.0057 0.0013 0.21 -1.84 C 511 
4365.90 24119 47017 9 7 0.0036 8.0(-4) 0.10 -2.14 C 4n.SII 
4390.46 24119 46889 9 "9 0.0014 4.1(-4) 0.054 -2.43 C 5/1 

2 42. b :'e - = :'Ho 431-<).6 2"'JO.W 4702:/ 27 33 0.022 0.0075 2.9 -0.69 C 411;511 
(414) 

4309.37 23784 46982 II 13 0.021 0.0071 1.1 -1.11 C 411 
436-7.58 24119 47008 9 11 0.020 0.0070 0.91 -1.20 C 511 
4390.95 24339 47106 7 9 0.016 0.0058 0.59 -1.39 C 5" 
4304.54 23784 47008 II 11 0.0038 0.0010 O.lfJ -1.94 C 5" 
4348.94 24119 47106 9 9 0.0034 9.7(-4) 0.12 -2.06 C 5n 
4286.44 23784 47106 11 9 0.0017 3.9(-4) 0.060 -2.37 C 5n 
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354 FUHR ET AL. 

Fe I: Allowed transitions-Continued 

No. Multiplet A(A) r,~ (cm -I) r,~(cm-I) K' Kk AdlOH S-I) );1- S(at. u.) log gI Accuracy Source 

243. h "c - 1(' "CO 

(416) 

4290.:l8 24119 47420 9 II 0.0064 0.0022 0.28 -1.71 C 4n,5Tl 

244. h "e - : ICO 

(417) 

4284.12 24119 47453 9 9 0.0012 :3.3(-4) 0.042 -2.53 C 5n 

245. " "e - v 'FO 
(418) 

4196.53 23784 47606 II II 0.0031 8.:1(-4) 0.13 -2.04 C 5n 
42:n.67 24339 47930 7 9 0.0021 7.2(-4) 0.070 -2.30 C 5n 

246. " "e - :'Ho 

42,')8.95 243:N 47812 7 9 O.OD47 0.0016 0.16 -1.94 C 5n 

247. /) \; - 1(' "CO 

(422) 

4.ClRQ ?') n7R4. 4.82,\1 II II 0.004.9 00012 0.18 -1.87 C 4n,C;" 

4141.86 24339 48476 7 7 0.0082 0.0021 0.20 -1.83 C 511 
4146.06 24119 48231 9 II 0.0060 0.0019 0.23 -1.77 C 4n,5Tl 
4161.48 24339 48362 7 9 0.0032 D.OOll 0.10 -2.13 C 5" 

248. h "e - = liP 
(42:1) 

4120.21 24119 48383 9 II 0.026 lUJ082 1.0 -1.l3 C 4n,511,8 

249. h :IC _ y IC O 

(424) 

4066.59 24119 487(B 9 9 O.ot3 0.00:12 0.39 -1.54 C 4n,511 

25U. h :IC _ II' :<ro 

026) 

4000.46 24119 49109 9 9 0.013 O.()O:ll 0.,16 -1.56 C 5" 

251. h :IC _ y :'H o 

(420) 

:1897.45 2:n84 494:14 II 13 0.022 0.0060 0.8.5 -1.18 C 4Tl,511 

3871.75 2:1784 49604 II II 0.070 0.016 2.2 -0.76 C+ 4",511 
:NIB.90 2411Q 4Q7?7 Q Q OOQ7 () Cl'!~) 'J.t) -070 r.+ 4n.51/ 

:~B5:1.46 2.1784 49727 II 9 0.0067 0.0012 0.17 -1.87 C 4",511 

2.52. h \; - I' :ICO 

(4:10) 

389.1,39 23784 49461 11 II 0,14 0.031 4.3 -0.47 C+ 4fl,5fl 

3919.07 24119 49628 9 9 0.045 0.010 1.2 -1.03 C+ 4f1,5fl 

;·m85.1.5 24119 49851 9 7 0.016 0.0028 0.32 -1.60 C 411,511 

:N44.89 24119 49461 9 II 0.016 0.0045 0.53 -1.39 C 5fl 

:l95:U.5 243:19 49628 9 0,043 0,01:3 1.2 -1.04 C+ 4fl,5Tl 

253. " "e - = IFo 
I 

(4:12) 

I 
I 

I 3777.06 24119 SOS87 9 -;- 0.016 0.0027 O.:H -1.61 C 4fl»" 
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TRANSITIONPROBABILrnES FOR IRON, COBALT, AND NICKEL 355 
Fe I: Allowed transitions~Continued 

N o. Multiplet X(A) "-:(cm~l) Edcm- I
) g; g4- A",(lO" 5-

1
) j;, S(at. u.) log gf Accuracy Source 

;)4. Ii :Ie - X :IHO 
I 

(435) I 
3670.09 23784 51023 11 13 0.078 0.019 2.5 -0.69 c+ 4n 

3693.01 24339 51409 7 9 0.022 0.0058 0.50 -1.39 C 5n 

3663.95 23784 51069 11 11 0.0057 0.0011 0.15 -1.90 C 5n 

3663.25 24119 51409 9 9 0.012 0.0024 0.26 -1.66 C 5n 

55. I! ,:IG - l' :Iro 

(437) 

3632.55 23784 51305 11 9 0.062 0.010 1.3 -0.96 C 5n 

3669.15 24119 51365 9 7 0.087 0.014 1.5 -0.91 C 5n 

56. b :Ie - II :Ieo 

(438) 

3628.82 24119 51668 9 9 0.0035 6.9(-4) 0.074 -2.21 C 5n 

!j7 .. I, ;Ic - 'II" 

3590.08 23784 51630 11 . II 0.012 0.0023 0.30 -1.60 C 51! 
3633.84 24119 51630 9 11 0.021 0.0050 0.53 -1.35 C 5n 

2 58. b:le - 1(' ;'Ho 

(442) 

3508.49 24119 52613 9 11 0.066 0.Ql5 1.6 -0.87 C 5n 
3516.41 24339 52769 7 9 0.040 0.0094 0.76 -1:18 C 5n 

59. Ii :'e - I ;'eo 

(449) 

3:W.l.2S 24119 54237 9 9 0.0:31 0.0052 0.51 -1.33 0 12n 

60. I' :Ip _ w "DO 
(465) 

5104.04 24336 43923 5 7 5.8(-4) 3.2(-4) 0.027 -2.80 C 51! 

61. (" -;'p - .t ;'])0 

(467) 

4786.81 24336 45221 5 7 0.013 0.0060 0.48 -1.52 0- 1411 
4712.10 24336 45552 5 3 8.7(-4) 1.7(-4) 0.014 -3.06 C '5n 

62. (" :lp _ = ;'so 

(469) 

4490.08 24336 46601 5 3 0.034 0.0062 0.46 -1.51 C 5n 
4579.82 24772 46601 3 3 0.0018 5.8(-4) 0.026 -2.76 C 5n 

2 63. t· :'p -.y ;lpO 

(472) 

4464.77 24336 46727 5 5 0.013 0.0039 ' 0.29 -1.71 C 411,!'lf, 

4517.53 24772 46902 3 3 0.019 0.0057 0.25 -1.77 C 411,;)(1 

4430.19 24336 46902 5 3 0.014 0.0025 0.18 -1.90 C ;", 

64. (. :lp _ "Fo 

4372.99 24336 47197 5 5 0.0019 5.5(-4) 0.040 ~ .. 2':,t) C ;Hl 

6S. (. :Ip_ '1)0 

4384.68 24:n6 47Ja6 5 5 O.OO5() O.OO/tJ O.t:! -2.09 C 511 
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Fe I: Allowed transitions-Continued 

No. : 
Multiplet A(A) r,:(cm- I) j-,j.(cm- I) ,1,,(10" S-I) i Iii Slat. u.) log gf Accuracy Source i g. g,. I 

I 

266. (' :Ip _ .y :ISO ,/,l/B.:3 2·/,."j().) 47556 9 3 0.13 0.012 1.6 -0.95 C 4n,5n 
(476) 

4305.4,5 24336 47556 5 3 0,072 0.012 0.85 -1.22 C 4n,5n 
4387.89 24772 47556 3 3 0.046 0.013 0.58 -1.40 C 5n 
4450.32 25092 47556 I 3 0.012 0.010 0.15 -1.98 C 511 

267. (' :'p - I' ~Fo 

(476a) 

4182.38 24:n6 48239 5 5 0.058 0.015 1.0 -1.l2 C 511 

268. (. :Ip _ I' "po 

(478) 

42:jO,58 24:j:16 47967 5 7 0.0016 5.9(-4) 0.041 -2.53 C 511 

269. (' ;Ip -:r "po 

(182) 

4170.90 24336 48305 5 5 0.072 0.019 1.3 -1.03 C+ 4n,511 
4220.34 24772 48460 3 I 0.23 0.021 0.86 -1.21 C 411,5n 
4248.22 24772 48305 3 5 0.042 0.019 0.79 -1.25 C 511 
4267.83 25092 48516 1 3 0.11 0.089 1.3 -1.05 C 4",511 

270. (' ;Ip _ I' "])0 

(486) 

4076.2:1 24772 49298 :1 :1 0,015 0.0037 0.15 -1.96 C 511 

271. (' "p - H' "po 
(488) 

3867.22 24:1:16 50187 5 5 0.35 0.078 5.0 -0.41 C+ 411 
3955,96 24772 50043 3 3 0.066 0.016 0.61 -1.33 C 511 
3888,82 24336 50043 5 3 0.27 0.037 2.4 -0.73 C 511 
3970.39 24772 49951 3 1 0.41 0.033 1.3 -1.01 C 511 

272, (' :lp _ = IFo 

(409) 

;1808.29 24:n6 50587 5 7 0.014 0.0042 0.26 -1.68 C 511 

271. (. "p _ I "DO 

(490) 

3699.15 24:136 51:161 5 7 0.053 0.015 0.92 -1.l2 C 4n 
3635.19 24336 51837? 5 3 0.16 0.019 l.l -1.02 C 5n 

274. (' ;Ip _ /' :Iro 

(491) 

3698.60 24336 51365 5 7 0.042 0.012 0.73 -1.22 C 411,511 
3782.61 24772 ,51201 3 5 0.015 0.0054 0.20 -1.79 C 511 

275. (' ;Ip _ y 1])0 

(494) 

:n11.41 24772 51708 :1 5 0.086 0.030 1.1 -1.05 C 5" 

276. (' "p - X 1])0 

(495) 

:n04.01 24772 51762 3 5 0.018 0.0062 O.2:j -1.73 C 511 
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TRANSITIONPROBABILITIE$' FOR IRON, COBALT, AND NICKEL 357 

Fe I:' Allowed transitions-Continued 

>'-

No. Multiplet X(A) Ei(cm- I) Edcm-'-I) gi g" A"i(lO' 8- 1
) f, S(at. u.) log gf Accuracy Source 

,)"; ... 
_II. c :lp_ 1/ :In° 

(496) 

3617.79 24336 51969 5 7 0.66 0.18 11 -:-0.04 C+ 4n 

3632.04 24772 52297 3" 5 0.50 0.16 5.9 -0.31 C+ 4n 

3645.82 25092 52512 1 3 0.58 0.35. 4.2 -0.46 C+ 4n,5n 

~603.82 24772 52512 3 3 0.20 0.038 1.4 -0.94 C 5n 

3548.02 24336 52512 5 3 0.091 0.010 0.60 '-1.29 D 12n 

278. c :Ip _ :lpO 

3559.50 24772 52858 3 3 0.22 0.042 1.5 -0.90 C+ 4n,5n 
3565.07 24336 52858 5 3 0.12 0.013 0.75 -U9 C 5n 
3552.11 24772 52916 3 5 0.053 0.017 0.59 -1.30 C 5n 

279. (/ Ie -.r :ICO 

(512) 

4793.96 24il7il 4il428 9 9 1.1(-4) 3.9(-:-5) 0.0055 -3.46 C 5ti 

280. (I Ie _ = :11 0 

(513) 

4636.66 24575 46136 '9 11 5.8(-5) 2;3(-5) 6.0031 -3.69 D 15n 

281. (/ Ie _, :IFo 

4514.18 24575 46721 9 9 0.0040 .0.0012 0.16 -1.96 C 4n,5n 
4439.63 24575 47093 9 7 8.2("-4) 1.9(-4) 0.025 -:2.77 C 5n 

282. (/ Ie _ ::lHO 

(516) 

445(>.33 24575 47008 9 11 0.0024 8.8(-4) 0.12 -2.10 C 5n 
4436.92 24575 47106 9 9 0.0034 0.0010 0.13 -2.04 t 5n 

283. (/'Ie - U' aeo 

(517) 

4343.70 24575 47590 9 9 0.0061 0.0017 0.22 -1.81 C 5n 

284. (j Ie _ : leo 4369.77 24575 47453 9 9 0.074 , 0.021 2.7 -0.72 c+ 4n 
(518) 

285. II Ie _ aHo 

4298.04 24575 47835 9 11 0.016 0.0056 0.71 -1.30 C 4n,5n 
4302.18 24575 47812 9 9 0.0084 0.0023 0.30 -1.68 C 4n,5n 

286. ([ Ie - W :1(;0 

(521) 

4225.96 24575 48231 9 11 0.016 0.0053 0.67 -1.32 C 4n 

287. (/ Ie _ : 'Ho 4199.09 24575 48383 9 11 0.61 0.20 25 0.25 C 8 
(.522) 

288. (j Ie _ II' :'FO 

(524) 

4074.79 2457.5 49109 9 9 0.056 0.014 1.7 -0.90 C+ 41/,51/ 

289. (/ Ie -.r :'HO 

I 

(526) 

I 3994.11 24575 ,49604 9 11 i 0.015 0.0044 0.52 -1.40 C 4n,511 
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Fe I: Allowed transitions-Continued 

No. Multiplet A(A) ~:(cm-I) ~~ (em-I) gi g! AdlO" 5-
1
) JI S(at. u.) log gf Accuracy Source 

290. (/ Ie _ " :leo 

(527) 

4017.15 24575 49461 9 II 0.053 0.016 1.9 -0.85 C+ 4n 
3990.37 24575 49628 9 9 0.019 0.0046 0:55 -1.38 C 4n,5n 

291. (/ Ie _ ;; IFO 3843.26 24575 50587 9 7 0.48 0.082 9.4 -0.13 C+ 4n 
(528) 

292. (/ Ie - x leo 3839.26 24575 50614 9 9 0.29 0.064 7.3 -0.24 ~ C+ 4n 
(529) 

293. (/ Ie - X :IHO 

(531) 

3773.36 24575 51069 9 11 0.0034 8.8(-4) 0.099 ~2.IO C 5n 
3725.49 24575 51409 9 9 0.Ql8 0.0038 0.42 -1.47 C 4n,51/ 

294. (/ Ie _ /I :Ieo 

(5:~3) 

3730.39 24575 51374 9 11 0.13 0.033 3.6 -0.53 C+ 4n,5n 
3689.90 24575 51668 9 9 0.020 0.0041 0.45 -1.43 C 51/ 

2%. (t Ie ." :Iro 

3425.01 24575 53763 9 7 0.29 0.039 4.0 -0.45 C+ 411 

296. (/ Ie - x IHo 3229.99 24575 55526 9 11 0.48 0.092 8.8 -0.08 D- Ill/ 
(546) 

297. ;; r.n0 _ (' 71) 

(552) 

5909.99 25900 42816 9 II 3.4(-4) 2.2(-4) 0.038 -2.71 C 5n 
5827.89 26479 43634 3 5 1.8(~4) 1.5(-4) 0.0088 -3.34 C 5n 
5791.04 25900 43163 9 9 9.0(-4) 4.5(-4) 0.078 -2.39 C 511 
5780.62 26141 434'35 7 7 7.7(-4) 3.8(-4) 0.051 -2.57 C 51/ 

298. ;; r.no _ (' r.n 

(553) 

5324.18 25900 44677 9 9 0.15 0.065 10 -0.23 C+ 411,511 
5283.62 26141 45061 7 7 0.092 0.038 4.7 -0.57 D 9 
5263.30 26340 45334 5 5 0.061 0.025 2.2 -0.90 C+ 411 
5253.46 26479 45509 3 3 0.020 0.0084 0.43 -1.60 C 4n 

5208.59 26141 45334 7 5 0.060 0.018 2.1 -0.91 C+ 411,5n 

5393.17 26141 44677 7 9 0.037 0.021 2.6 -0.84 C+ 41/ 

5339.93 26340 45061 5 7 0.071 0.043 3.8 -0.67 C+ 411 

5302.30 26479 45334 3 5 0.073 0.052 2.7 -0.81 C+ 4n 

299. ;; ;'Do - (' ;'F 

(554) 

4736.77 25900 47006 9 II 0.050 0.021 2.9 -0.73 C+ . 411,511 

4707.27 26141 47378 7 9 0.030 0.013 1.4 -1.05 D- 1411 

4637.50 26479 48037 3 5 0.030 0.016 0.73 -1.32 C 511 

4613.20 26550 48221 I 3 0,026 0.025 0.38 -1.60 C 511 

4625.04 26141 47756 7 7 0.022 0.0070 0.75 -1.31 D- 1411 

4574.21 25900 47756 9 7 0.0017 4.1(-4) 0.056 -2.43 C 5n 

4565.66 26141 48037 7 5 0.0042 9.4(-4) 0.099 -2.18 C 511 

300. ;; r.n0 - (' :IF 

(555) 

4581.51 26141 47961 7 9 0.0061 0.0025 0.26 -1.76 C 51/ 

4504.83 26340 48532 5 7 0.0030 0.0013 0.094 -2.20 C 511 
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TRANSITION PROBABILiTIE:S FOR IRON, COBALT, AND NICKEL 359 

Fe J: Allowed transitions~Continued 

No. Multiplet A(A) A~(criJ-J) f.~(cm-I) gi gk A*;(1O" 5-
1
) h Slat. u.) log gf Accuracy Source 

301. :: 51)0 _ (' 7F 

(556) 

4000.27 26340 51331 5 5 0.023 0.0056 0.37 -1.55 C 5n 

302. :: 5Do - f 7D 
(557) 

4080.89 26550 Si048 1 3 0.025 0.019 0.25 -1.73 C 5n 

4054.18 26340 50999 _ 5 5 0.0083 0.0020 0.14 -1.99 C 5n 

4069.08 26479 51048 3 3 0.020 0.0050 0.20 -1.82 C Sn 

303; :: ;'Do - f 5D 
(558) 

4076.63 25900 50423 9 9 0.20 0.050 6.0 -0.35 C+ 4n 

4098.18 26141 50534 7 7 0.082 0.021 2.0 -0.84 C+ 4n,5n 

4097.10 26479 50880 3 3 0.032 0.0080 0.32 -1.62 C 5n 

4058.22 25900 50534 9 7 0.OS8 0.011 1.3 -1.00 C 4n.5n 
4070.77 26141 50699 7 5 0.14 0.024 2.3 -0.77 C 4n,5n 

4073.76 26340 50880 5 3 0.19 0.030 1.9 -0.84 C+ 4n,Sn 

4080.21 26479 50981 3 1 0.28 0.024 0.95 -1.15 C 4ri,5n 

4109.07 26550 50880 1 3 0.054 0.041 0.55 -1.39 C 4n,5.n 

304. :: :'Do _ (' 7p 

(559) 

4067.98 25900 50475 9 9 0.17 0.042 5.1 -0.42 C+ 4n 
4085.30 26141 50611 7 7 0.12 0;029 2.7 -0.69 C+ 4n,5n 
4108.13 26141 50475 7 9 0.0037 0.0012 0.12 -2.07 C 5n 
4118.90 ·26340 50611 5 7 0.020 0.0073 0.49 -1.44 C 5n 

J05. :: 5))0 _ (' "C 

(560) 

4024.72 26141 50980 7 9 0.091 0.029 2.6 -0.70 C 5n 
4018.28 26340 51219 5 7 0.030 0.010 0.68 -1.29 C 5n 

306. :: :'J)o - (' 7C 

(S61) 

:W46.99 25900 51229 9 11 0.051 0.Ql5 1.7 -0.88 C 5n 
3967.96 26141 51335 7 9 0.075 0.023 2.1 -0.80 C 5n 
3979.6J 26340 51461 5 7 0.0076 0.0025 U.l0 -1.90 C 5n 

307. :: ;'1)0 - f"F 
(562) 

39.57.02 26340 51604 5 '7 0.16 0.053 3.4 -0.S8 C Sn , 
3963.10 26479 . 51705 3 5 0.17 0;068 2.7 -0.69 C+ 4n,5n 
3911.00 25900 51462 9 9 0.012 0.0027 .0.32 -1.61 C 5n 
3911.28 26340 51705 ::; ::; 0.099 0.023 1.5 -0.94 C :>n 
3955.34 26479 S1754 3 3 0.16 0.038 1.5 -0.94. C S" 

308. :: "))0 _ (' ;ID 

(S64) 

3974.40 26141 51294 7 7 0.0089 0.0021 0.19 -1.8:1 C 51/ 

309. :: "))0 - g "D 

(565) 

:WOO.S2 26141 5177] 7 7 0.086 0.020 1.8 -0.86 C+ 4n,511 
393 l.l 2 26340 51771 5 7 0.052 0.0]7 l.l -1.07 C 5n 
3909.66 26479 52050 3 5 0.062 0.024 0.91 -U5 C 5n 
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360 FUHR ET AL. 

Fe I: Allowed transitions-Continued 

No. Multiplet A(A) Hi (cm- I
) f.~.(cm-I) gi gk AdlO" 5- 1) [.,. -"(at. u.) log gf Accuracy Source 

310. = 5))0 _ r 7S 

(566) 

3962.35 26340 51570 5 7 0.013 0.0044 0.29 -1.66 C 5T1 

311. = 51)0 _ (' :,p 

(567) 

:1890.39 26141 51837 7 7 0.017 0.0039 0.35 -1.56 C 51/ 
3914.27 26479 52020 3 3 0.063 0.015 0.56 -1:36 C 5n 

3920.84 26340 51837 5 7 0.021 0.0069 0.45 -1.46 C 51/ 
3925.20 26550 52020 I 3 0.067 0.047 0.60 -1.33 C 5n 

312. = foD o _ # foF 

(568) 

3668.21 26141 53394 7 9 0.036 0.0092 0.78 -1.19 C Sf! 
3591.48 26550 54386 I 3 0.070 0.041 0.48 -1.39 C 5n 

313. = 51)c _ II 51) 

(569) 

3615.19 26479 54133 3 3 0.068 0.013 0.47 -1.40 C 5n 
3616.15 25900 53546 9 7 0.036 0.0054 0.58 -1.31 C 5(/ 

3592.67 26141 53967 7 5 0.047 0.0065 0.54 -1.34 C 5(/ 
3597.02 26340 54133 5 3 0.20 0.023 1.4 -0.93 C Sn 

~14.. " 51)0 _ f5p 

(570) 

3667.25 25900 53160 9 7 0.14 0.022 2.4 -0.70 C 5(/ 

3644.80 26141 53569 7 5 0.092 0.013 1.1 -).04 C 5(/ 
3624.06 26340 53925 5 3 0.063 ' 0.0074 0.44 -1.43 C 5(/ 

:HS. = 51)0 -l"e 
(571) 

3593.32 26340 54161 5 7 0.034 0.0091 0.54 - 1.34 C 5" 

:~16. = "))0 _ r :Ie 
(!J'I:'I) 

3591.00 25900 53739 9 11 0.0088 0.0021 0.22 -1.73 C 5n 

:l17. _ "I)" - /"1) 
(574) 

3583.33 26550 54449 I 3 0.27 0.15 1.8 -0.81 C 5f! 

318. = ~'))O _ i ")) 

(578) 

3156.27 26141 57814 7 7 0.50 0.075 5.5 -0.28 D 12" 

319. II :lH - Y :ICO 

(584) 

5279.65 26628 45563 9 7 1.5(-4) 4.7(-5) 0.0074 -3.37 C Sf! 

320. h :IH _ = :',0 
(58S) 

I 

5030.77 26106 4S978? 13 15 2.:~(-4) I 1.0(-4) 0.022 -2.88 
I 

C S" 
5080.95 26351 46027 11 13 1.9(-4 I 8.7(-5) 0.016 -3.02 C 5(/ 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 361 

Fe 1: Allowed transitions-Continued 

No. Multiplet A{A) r..~(cm-l) f..j,(cm- I) gi g" AI;(IO· S-I) i j;" Slat. u.) log gf 'Accuracy Source , 

321. b :'H - = :'Ho 

(588) 

4788.76 26106 46982 13 13 0.0041 0.0014 0.29 -1.74 C 5n 

4839.55 26351 47008 11 11 0.0046 0.0016 0.28 -1.75 C 5n 

322. Ii :{H - = leo 

(590) 

4737.63 263S1 47453 11 9 0.0011 3.1(-4) 0.053 -2.47 C Sn 

323; /) ;Ii-J_ l' "FO 

(592) 

4649.82 26106 47606 
i 

13 11 6.7(-4) 1.8(-4) 0.037 -2.62 C Sn ! 

324. /1 :'H _ "HO 

4bUU.Y;S :!blUo 4'/U;S:' l.i 11 Y.l(-4) :l.4(-4) U.U4~ -~.~u _ C ~n 

4658.29 26351 47812 11 9 3.7(-4) 9.7(-5) " 0.016 -2.97 C 5n 
4714.19 26628 47834 9 7 0.0011 2.8(-4) 0.039 -2.60 C 5n 

32.5. II :'H - It' :ICO 

(593) 

4S18.43 26106 48231 13 11 2.2(-4) 5.7(-5) 0.011 -3.13 C JIt 

4541.94 26351 48362 11 9 3,1(-4) 7.9(-5) 0.013 -3.06 C 5n 

326. II :'H - = IHo 

(594) 

4487.74 26106 48383 13 II 4.7(-4) 1.2(-4) 0.023 -2.81 C 5n,8 
4537.67 26351 48383 11 11 4.3(-4) 1.3(-4) 0.022 -2.84 C 5n,8 
4595.36 26628 48383 9 11 0.0060 0.0023 0.32 -1.68 C 5n,8 

327. Ii :'H _ y :IHo 

(597) 

4285.44 2,6106 49434 13 13 0.021 0.0058 1.1 -1.12 C 4n,Sn 
4327.92 26028 49727 9 '} U.UUY;S U.UU~o U.3:1 -1.0:1 C 5n 

328. b ;'H -!,;{CO 

(598) 

4280.S3 26106 49461 13 11 0.0033 7.7(-4) 0.14 -2.00 C Sn 
4346.S5 26628 49628 9 9 0.013 0.0038 0.48 -1.47 C 5n 

329. II :'H - x leo 

(.599) 

4167.86 26628 50614 9 9 0.0062 0.0016 0.20 -1.84 C 5n 

330. b ;'H ,- I' :'Fo 

(603) 

4006.31 26351 51305 11 9 0.056 0.011 1.6 -0.92 C 5n 

331. Ii :lH - It :ICO 

(604) 

3956.45 26106 51374 13 II 0.22 O.04:i 7 .. 3 -0.25 C 5n 
3948.77 26351 51668 11 9 0.22 0.04:i 6.1 -0.33 C 5n 
3967.42 26628 51826 9 7 0.24 0.044 5.2 -0.40 C+ 4n,5n 
3995.20 26351 SI374 II II 0.0098 0.0023 0.34 -1.59 C 5n 
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362 FUHR ET AL. 

Fe I: Allowed transitions-Continued 

No. Multiplet X(A) f..:(cm-') f:1(cm-') g, g .. AAo;(IO" s-') fA S(at. u.) log gf Accuracy Source 

:~32. Ii "H - 'Ho 

3916.n 26106 51630 13 II 0.12 0.023 3.9 -0.52 C+ 4n,5n 

333. Ii "H - l(' ;IHo 

(607) 

3806.70 26351 52613 II II 0.55 0.12 17 0.12 C+ 4n 
3771.50 26106 52613 13 11 0.0071 0.0013 0.21 -1.78 C Sri 

334. Ii ;IH - y ;'r o 

(688) 

.1765.54 26106 52655? 13 IS 0.99 

I 
0.24 39 0.50 C+ 411,8 

3821.18 26351 52514 II 13 0.70 0.18 25 0.30 C+ 411,8 
3805.35 26628 52899 9 II 1.0 0.27 30 0.38 C+ 411 
3785.71 26106 52514 13 13 0.014 0.0030 0.48 -1.41 C 8 

335. II ;IH - : 'ro 

(009) 

3738.31 263S1 53094 11 13 0.38 0.093 13 0.01 C+ 411,8 

3%. I, ;'H _ ~F'0 

:{582.20 26106 54014 13 II 0.25 0.041 6.3 -0.27 C+ 4n 

:~37. Ii ;'H - ~'Do 

3576.76 263.')1 54301 11 9 0.098 0.Ql5 2.0 -0.77 C s" 

:n8. b ;'H - I' ;'Ho 

(614) 

3402.26 26106 55490 13 13 0.29 0.050 7.2 -0.19 C+ 411 

:~:W. b ;'H - II ;'Ho 

(617) 

3307.23 26106 56334 13 13 0.20 0.034 4.8 -0.36 C+ 4" 
3328.87 26351 56383 II 11 0.27 0.046 5.5 -0.30 C+ 411 
335S.23 26628 56423 9 9 0.33 0.056 5.5 -0.30 C+ 411 

:~40. b JH - X ;']0 

(620) 

3233.05 26106 57028? 13 15 0.55 0.099 14 0.11 C+ 411,8 

3254.:~6 26351 57070 11 13 0.51 0.095 II 0.02 C+ 411,8 

3280.26 26628 57104 9 II 0.55 0.11 II -0.01 C+ 411 

341. Ii ;'H - I ;'Ho 

(uv 182) 

2923.29 263')1 60')49 II II 1.7 () ?1 ?:~ 0.37 C+ 4n 

342. (/ ;\0 - ['DO 

5617.22 26225 44023 7 9 ;).6(-4) 2.2(-4) 0.029 -2.81 C 5" 

343. (/ ;10 _ X :1))0 

(628) 

5262.89 26225 45221 7 7 8.8(-4) 3.7(-4) 0.045 -2.59 C 5" 

344. a ;\0 - Ie ~po 

(629) 

5021.89 26406 46314 :~ 5 0.0046 0.0029 0.14 -2.06 C 5" 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 363 

Fe J: Allowed . transitions-Continued 

No. Mljltiplet A(A) f.~(cm-I) f.1·(cm- 1
) gi g.i A .. r(10" 5-

1
) [;. Stat. u.) log gf Accuracy Source 

'W>. a ;'D _ y "po 
(63 I) 

4876.19 26225 46727 7 5 2.7(-4) 7.0(-5) 0.0079 -3.31 C 5n 

340. II "D - "yo 

4790.7.; 26225 47093 7 7 2.8(--:'4) 9.7(-5) 0.011 -3.17 C 5n 

347; n :1)) _ 5))0 

4808.15 26225 47017 7 7 7.9(-4) 2.7(-4) 0.030 -2.72 C 5n 

4873.74 26624- 47136 5 5 5.7(-4) 2.0(-4) 0.016 -2.99 C 5n 
4813,11 26406 47177 3 3 0.0015 5.0(-4) 0.024 -2.82 C 5n 
4780.81 26225 47136 7 5 3;0(-4) 7.3(-,..5) 0.0081 -3.29 D 15n 

348. /I :'n - :'Do 

4791.25 26406 47272 3 3 0.0035 0.0012 0.057 -2.44 C 5n 

349. It ;'1) - y "SO 

(635) 

4776.07 26624 47556 5 3 0.0023 4.7(-4) 0.037 -'2.63 C 5n 

350. (/ :II) _ l' r,po 

(638) 

4556.93 26225 48163 7 5 0.0015 3.3(-4) 0.034 -2.M C 5n 
4614.21· 26624 48290 5 3 0.0029 5.6(-4) 0.043 -2.55 C 5n 

351. (/ ;'n - X :'po 

(MI) 

4527.78 26225 48305 7 5 0.0014 3.1(-4) 0.032 -2.67 C 5n 

4566.51 26624 48516 5 3 0.0070 0.0013 0.099 -2.18 C 5n 
4533.13 26406 48460 3 1 0.044 0.0045 0.20 -1.87 C 5n 
4565.31 264-06 48305 ;) 5 0.0023 0.0012 0.055 -2.44- C ~n 

;,52. (/ "I) -'- I' "DO 

(645) 

4343.28 26225 49243 7 5 0.017 0.0033 0.34 -1.63 C 5n 
1409.12 26621 10208 S '3 0.007Q a.aau. a to -? \6 C S1I 
4377.80 26406 49243 3 5 {).O040 0.0019 0.083 -2.24 C Sn 

353. ([ :'1) - = Ino 

(648) 

4374.50 26624 49477 5 5 0.0059 0.0017 0.12 ~2.07 C 4",5" 

354. Il ;'1) - Il' :lpO 

(649) 

41'72.\2 2622;:) 501&1 7 ;:) 0.12 0.022 2.1 -\').'62 r.+ 4u,'S1I 
4268:75 26624 50043 5 3 0.050 0.0081 0.57 -I.:W C '~f1 ,~)I/ 

4242.73 26624 50187 5 5 0.021 0.0056 0.39 -J.SS C !in 

355. (1 ;'n - = IFo 
(650) 

4171.90 26624 50587 5 7 0.015 0.00;;4· lUi . I.S7 C ;)// 

356. (J :'1) - x "Ho 

3%9.b?' 2b'2'2S ~\4.l..}9 I 9 0.0:\\ (H)O{) 4 \U\b -LlU C ;,n 



364 FUHR ET AL. 

Fe 1: Allowed transitions-Continued 

No. Multiplet A(A) f..:(cm- I
) f..~(cm-I) Ki Kk A,.OO" 5-

1
) j;k ! 

S(at. u.) log gj" Accuracy Source 

3.57. a "I) - l' "Fo 

(655) 

4040.64 26624 51365 5 7 0.054 0.019 1.2 -1.03 C 4n,5n 
4031.96 26406 51201 3 5 0.086 0.03.5 1.4 -0.98 C+ 4n,5n 

358. (I :11) - J 11)0 

(661) 

3985.39 26624 51708 5 5 0.082 0.020 1.3 -1.01 C 4n,5n 
3951.16 26406 51708 3 5 0.36 0.14 5.4 -0.38 C+ 4n,511 

3.59. a "n - u'n° 
(663) 

:~88:~.28 26225 .51969 7 7 0.17 O.0."{8 3.4 -0.5£ C+ 411,511 

:~60. a "I) - "1)0 

3846.80 26225 52213 7 7 0.67 0.15 13 0.02 C+ 411 
3836.33 26624 52683 5 5 0.:~9 0.085 5.4 -0.37 C 4n,5n 
3778.51 26225 52683 7 5 0.14 0.022 1.9 -0.81 C 511 
3757.45 26624 .53230 5 :~ 0.14 0.017 l.l -1.06 C 511 
3906.75 26624 52213 5 7 0.079 0.025 1.6 -0.90 C 5n 

:~61. II :II) _ :lpO 

:~810.76 26624 .52858 .5 :~ 0.24 ()'()31 1.9 -0.81 C+ 411,511 
3802.28 26624 52916 5 5 0.0.58 o.<)! :~ 0.79 -1.20 C 5n 

362. a :In - S :'Do 

:H40.24 26225 52954'? 7 7 0.19 O.O:W a.4 -0.56 C+ 4n,5n 

363. (/ :1]) _ "Fo 

37.51.06 26624 .53275 .5 .5 0.014 0.0030 0.18 -1.83 C .511 

364. a ")) - 90 

(669) 

:~688.48 26225 53:~29 7 9 0.081 0.021 1.8 -0.83 C 5/1 

:~6" (I :'1) - ~I)o 

3613.45 26225 53892 7 7 0.078 0.015 U -0.97 C 51/ 
3.560.70 26225 54301 7 9 0.077 0.019 1.5 -0.88 C+ 411,511 

:~66. (/ ")) - 1 "CO 

(67a) 

:~568.82 26225 54237 7 9 0.065 0.016 La -0.95 C .51/ 
3573.39 26624 54600 5 7 0.088 0.023 1.4 -0.93 C .5n 

367. II :I)) _ ropo 

;~598.72 26225 5400.5 7 7 0.034 0.0067 (J.SS -1.3;1 C S1/ 

:-\68. (! :\n - 1(' 11)0 

(676) 

3406.44 26406 55754 :{ I 5 0.30 0.088 2.9 -0.58 C+ 41/ 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 365 

Fe 1: Allowed transitions-Continued 
_. 

No. Multiplet ' h(A) E;(cm- I
) E .. (cm- I

) g; g. I Ak;(10
a
s- l

) j;l Slat. u.) log gf Accuracy Source 
i 

:~69. 11 :in - /I :iFo 

(680) 

3292.02 26225 56593 7 9 0.62 0.13 9.9 -0.04 C+ 4n 

3314.74 26624 56783 5 7 0.70 0.16 8.9 ~0.09 C+ 4n 

3282.89 26406 56859 3 5 0.31 0.084 2.7 '-0.60 C+ 4n 

370. o :ID - l' ICO 

(681) 

3253.60 26225 56951 7 9 0.18 0.038 2.8 '-0.58 C+ 4n 

371. = "Fo - (' 71) 

(685) 

627).29 26875 42816 II II 2.0(-4) 1.2(-4) 0.027 -2.88 C 5n 

372. = "Fo - (' "D 
(686) 

5615.64 26875 44677 11 9 0.17 0.067 14 -0.13 C+ 4n 
5586.76 27167 45061 9 7 0.19 0.070 12 -0.20 C+ 4n,Sn 
SS7? R4. :n~QS 4.S~~4. 7 S 07.2 0.07? Q.2 -0.30 C+ 4n 

5569.62 27560 45509 -S 3 ~.21 0.059 5.4 -0.53 C+ 4n 
5576.09 27666 45595 3 I 0.25 0.Q39 2.2 -0.93 C 5n 

5709.38 27167 44677 9 9 0.015 0.0075 1.3 -1.l7 C 4n 
5658.82 27395 4506l 7 7 0.042 0.020 2.6 -0.85 C+ 4n 
5624.54 27560 45334 5 5 0.062 0.030 2.7 -0.83 C+ 4n 
5784.69 27395 44677 7 9 5.6(-4) 3.6(-4) 0.048 -2.60 C Sn 
5712.1S 27560 45061 5 7 0.0030 0.0020 0.19 --: 1.99 C 5n 

373. = ~'Fo - I' ~'F 

(687) 

4966.09 26875 47006 11 II 0.037 0.014 2;5 -0.82 C+ 4n 
4946.38 27167 47378 9 9 0.022 0.0080 1.2 -1.l4 D- 14n 
4875.87 26875 47378 II 9 0.0035 0.0010 0.18 -1..95 C 5n 
4843.14 27395 48037 7 5 0.0097 0.0024 0.27 -1.77 C 5n 
4838.51 27560 ·48221 5 3 0.013 O.()O26 0.21 -1.88 C 5n 
5002.79 27395 47378 7 9 0.0092 0.0044 0.51 -1.51 C 5n 
4950.l0 27560 47756 5 7 0.0083 0.0043' 0.35 -1.67 D IOn 
4907.73 27666 48037 3 5 0.0084 0.0050 0.24 -1.82 D IOn 

374. = "Fo - (' "f 
(688) 

4679.22 27167 48532 9 7 0.0037 9.5(-4) 0.13 -2.07 C 5n 
4807.71 27167 47961 9 9 0.0024 8.2(-4) 0.12 -2.13 C 5n 
4729.68 27395 48532 7 7 0.0017 5.7(-4) 0.062 -2.40 C 5n 
4860.98 27395 47961 7 9 0.0014 6.2(-4) 0.070 -2.36 C 5n 
4766.87 27560 48532 5 7 0.0024 0.0012 0.090 -2.24 C 5n 

375. = "Fo _ (' 7F 

(689) 

4224.17 27167 50833 9 11 0.14 0.044 5.5 -0.40 C+ 4n 
4200.92 27395 51192 7 9 0.049 Om7 1.6 -0.93 C 5" 
4224.51 27666 51331 3 5 0.084. 0.037 1.6 -0.% C 5,1 
4161.08 27167 51192 9 9 0.010 0.0027 O.:3:{ -\.62 C 5n 
4205.54 27560 51331 5 5 0.042 0.011 0.78 -1.2S C 5n 
4168.63 27167 51149 9 7 0.0074 0.0015 0.]9 -. 1.B7 C 511 
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FUHR ET AL. 

Fe I: Allowed transitions-Continued 

No. Multiplet X(A) f..:(cm- I) ".~.(cm-l) gi g •. A.i(IOR S-I) /;, S(at. u.) log gf Accuracy Source 

376. .: ~'Fo - faD 

(691) 

4278.23 27167 50534 9 7 0.011 0.0024 0.30 -1.67 C 511 

377. .: "FO _ (' 7p 

(692) 

4264.20 27167 50611 9 7 0.020 0.0043 0.55 -1.41 C 511 

378. .: r'Fo _ (' ac 

(693) 

4247.43 27167 50704 9 II 0.20 0.067 8.4 -0.22 C+ 411 
4238.81 27395 50980 7 9 0.22 0.077 7.5 -0.27 C+ 411 
4225.45 27560 51219 5 7 0.17 0.065 1.5 -0.19 C+ 1n 

4217.55 27666 51370 3 5 0.24 0.11 4.4 -0.50 C+ 4n 
4196.21 27395 51219 7 7 

! 
0.11 0.028 2.7 -0.71 C 4n,5n 

4198.64 27560 51370 5 5 0.13 0.036 2.5 -0.75 C 5n 
41tiQ7R ?7~Q~ sl:no 7 ~ 0011 0.0021 0.20 -1.84 C 5n 

379. .: foFo _ (' 7C 

(694) 

4149.37 26875 50968 11 13 0.043 0.013 2.0 -0.84 C+ 4n,511 
4154.80 27167 51229 9 11 0.15 0.049 6.0 -0.36 C+ 4n 
4182.79 27560 51461 5 7 0.014 0.0051 0.35 -i.59 C 5n 
4104.97 26875 51229 11 11 0.0028 7.1(-4) 0.10 -2.11 C 5n 
4136.51 27167 51335 9 9 0.015 0.0039 0.47 -1.46 C 5n 
4168.94 27560 51540 5 5 0.020 0.0053 0.36 -1.58 C 5n 
4087.09 26875 51335 11 9 0.021 0.0044 0.64 -1.32 C 411,5" 

380. .: "rO - fr'F 

(695) 

4126.18 26875 51103 II II 0.046 0.012 1.7 -0.89 C 5n 
4114.96 27167 51462 9 9 0.012 0.0030 0.36 -1.57 C 5" 
4129.46 27395 51604 7 7 0.0070 0.0018 0.17 -1.90 C 5n 
4150.25 27666 51754 3 3 0.083 0.022 0.88 -1.19 C 5n 
4090.98 27167 51604 9 7 0.012 0.0023 0.27 -1.69 C 5n 
4112.35 27395 51705 7 5 0.016 0.0030 0.28 -1.68 C 5n 
4153.90 27395 51462 7 '9 0.24 0.079 7.5 -0.26 C+ 4n 
4158.79 27666 51705 3 5 0.17 0.073 3.0 -0.66 C 5" 

381. .: aFO - (' :11) 

(697) 

4106.44 27395 51740 7 5 0.029 0.0052 0.49 -i.44 C 5n 

4183.03 27395 51294 7 7 0.0043 0.0011 0.11 -2.10 C 5n 

382. .: forO _ g fon 

I (698) 

4084.49 26875 51350 11 9 0.12 0.024 3.5 -0.58 c+ 4n 

4054.87 27560 52214 5 3 0.18 0.027 1.8 -0.87 C 5" 
4065.40 27666 52257 3 I 0.24 0.020 0.79 -1.23 C 4n ,.')n 

4133.86 27167 51350 9 9 0.026 0.0065 0.80 -1.23 C 4n 

4101.27 27395 51771 7 7 0.028 0.0070 0.66 -1.31 C 4",5n 
4082.13 27560 52050 5 5 0.027 0.0068 0.46 -1.47 C 5n 
4129.22 27560 51771 5 7 0.0061 0.0022 0.15 -1.96 C 5" 

383. .: "Fo _ (' ap 

(700) 

4051.92 27395 52067 7 5 0.035 0.0062 0.58 -1.36 C 5" 
4090.09 27395 51837 7 7 0.011 0.0028 0.26 -1.71 C 5" 
4079.18 27560 52067 5 5 0.059 0.015 1.0 -1.13 C 5n 
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TRANSITION PROBABILITIES FOR I~ON, COBALT, AND NICKEL 367 

Fel: Allowed transitions-Continued 

-, 

NQ; Multiplet A(A) A: (crn:-I) HI-(crn- I) gi g" Ak,.(lO" S-I) fl' S(at. u.) log gf Accuracy Source 

:~84. :: aFO :- g 5F 

(701) 

3817.64 2687a 53061 II 11 0.085 0.019 2.6 -0.69 C 5n 

385. :: aro - h aD 

. .(702). 

3804.01 26875 53155 II 9 0.052 0.0093 1.3 -0.99 C+ 4n,5n 

3789.82 27167 53546 9 7 0.046 0.0077 .0.86 -·1.16 . C 5n 

:{86. :: aFO - f"P 
(703) 

3846.00 27167 53160 9 7 0.050 0.0086 0.98 -1.l1 C 5n 

3819.50 27395 53569 7 5 0.054 0.0084 0.74 :.....1.23 C 5n 

3791.73 27560 53925 5 3 0.074 0.0096 0.60 -1.32 C 5n 

387. :: aFO - f~'G 

(704) 

3802.00 26875 53169 II 13 0.041 0.010 1.4 -0.94 C 5n 

388. :: aFO - (' :'G 

(705) 

3762.21 27167 53739 9 11 0.033 0.0086 0.96 -1.l1 C 4n,5n 

.389. flip _ 'Do 5029.62 27543 47420. 3 5 '0.0055 0.0035 0.17 -1.98 C 5n 

390. fl Ip'_ X :'po 

(720) 

4779.44 27543 48460 3 1 0.017 0.0019 0.091 -2.24 C !in 

391. II Ip - w':'Fo 

(723) 

4566.99 27543 49433 3 5 0.0063 0.0033 0.15 -2.01 C 5n 

392. (/ 'p -)" '1)0 4137.00 27543 51708 3 5 0.23 0.U98 4.U -0.53 C+ 4n 
(726) 

39.3. (/ Ip _ II :'1)0 
.' 

(728) 

4003.76 27543 52512 3 3 0.082 0.020 0.78 -1.23 C 4n,5n 

394. a Ip _ :100 

3976.61 27543 52683 3 5 0.18 0.073 2.9 -0.66 C 5n 
3891.93 27543 53230 3 3 0.40 0.090 3.4 -0.57 C+ 4n,.Jn 

395. It 'I' _ :11''' 

3949.14 27543 52858 3 3 0.046 0.011 ·0.42 -1.49 C 51/ 

396. a Ip _ :150 

3806.22 27543 53808 3 3 0.25 0.055 2.1 --0.78 C 4/1.!l/1 

397. (( Ip _ fl' '00 3543.67 27543 55754 3 5 0.18 0,058 2.0 ·-O.7/l c: 51/ 
(734} 

398. a Ip - II ;JFo 

I 

(735)' 

34lO.17 27543 56859 :) 5 0.48 0.14 4.7 -0.38 C+ 4n 
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368 FUHR ET AL. 
Fe I: Allowed transitions-Continued 

No. Multiplet >.(A) 1:.: (cm- l
) f..'dcm- I) /{. /{k AdlOH 

S-I) j;. 8(a1. u.) log p;f Accuracy Source 

399. (/ 10 - x "Do 

(738) 

6016.66 28605 45221 5 7 0.0047 0.0036 0.35 -1.75 C 5n 

400. (/ 10 - ll' :'Fo 

(750) 

4844.01 28605 49243 5 7 0.0045 0.0022 0.17 -1.96 C 51! 

401. (I In - l' :'Do 

(751) 

4869.45 28605 49135 5 7 0.00]4 7.](-4) 0.057 -2.45 C 511 

402. (/ In - l' :'CO 

(752) 

4705.46 28605 49851 5 7 0.0025 0.0012 0.089 -2.24 C 51! 

403. {/ ID _:; Ino 4789.65 28605 49477 5 5 0.084 0.029 2.3 -0.84 C+ 41! 
(753) 

4U4. (/ 'I) - w"po 

(754) 

4663.18 28605 50043 5 3 0.0046 8.9(-4) 0.069 -2.35 C 511 

405. (/ II) _ :; IFo 4547.85 28605 50587 5 7 0.078 0.034 2.5 -0.77 C+ 4n 
(755) 

406. II I)) _" :'Co 

(760) 

4305.20 28605 51826 5 7 0.0051 0.0020 0.14 -2.00 C 511 

407. (/ 'I) - y IDo 4327.09 28605 51708 5 5 0.094 0.026 1.9 -0.88 C+ 411,511 
(761) 

408. (/ II) - x 'DO 4317.04 28605 51762 5 5 0.0057 0.0016 0.11 -2.10 C 511 
(762) 

409. (/ II) _ Ipo 4240.37 28605 52181 5 3? 0.070 0.01l 0.79 -1.25 C+ 411,511 

410. (I II) - :'))0 

4059.73 28605 53230 5 3 0.096 0.014 0.95 - 1.15 C+ 4n,511 

41l. (I II) - Y 'Fo 3989.86 28605 53661 5 7 0.058 0.020 1.3 -1.01 C 511 
(768) 

412. (/ II) - X :'Fo 

3973.65 28605 53763 5 7 0.080 0.026 1.7 -0.88 C+ 4n,511 

41:~. (/ II) - I :'Co 

(771) 

3845.69 28605 54600 5 7 0.057 0.018 l.l -1.05 C 511 

414. (/ II) _ 1/' Ina 3682.24 28605 55754 5 5 1.7 0.36 22 0.25 C+ 411 
(772) 

415. {/ 10 - 1/' IFo 3677.31 28605 55791 5 7 0.31 0.089 5.4 -0.35 C SII 
773 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 369 

Fe I:' Allowed transitions-Continued 

No~ Multiplet X(A) f..~(cm-I) Ek(cm- I} g; g. Al;(10' S-I) fi. S(at. u.) log gf Accuracy Source 

416. a IH _ .1Fo 

, 5584.77 28820 46721 11 9 0.0013 5.1(-4) 0.10 -2.25 G 5n 

417. a ']H - 5Do 

5532.75 28820 46889 11 9 0.0020 7.6(-4) 0.15 -2.08 G 5n 

418, a IH __ sHo 

5263.87 28820 ' 47812 11 9 0.0023 7.9(-4) 0.15 -2.06 C 5n 

419. a 'H - W :ICO 

(789) 

5115.78 28820 48362 11 9 6.1(-4) 1.9(-4) 0.036 -2.67 C 5n 

,420. a IH - w~Fo 

(792) 

4927.42 28820 49'109 i I 9 0.0037 0.0011 0.20 -1.92 C 5n 

421. a 'H _ y :iRo 

(793) 

4849.67 28820 49434 II 13 5.4(-4) 2.2(-4) 0.039 -2.61 C 5n 
4809.94 28820 49604 11 II 5.9(-4) 2.0(-4) 0.035 -2.65 C 5n 

422. a IH - x ICO 4587.13 28820 50614 11 9 0.0069 0.0018 0.29 -1.71 C 5n 
(795) 

423. a IH - x 3Ho 
(796) 

4502.59 28820 51023 11 13 0.0013 4.8(-4) 0.078 -2.28 G 5n 

424. a IH - u :lCO 

(797) 

4432.57 28820 51374 II 11 0.0091 0.0027 0.43 -1.53 G 5n 

425. a lH - IHo 4382.77 28820 51630 11 11 Om3 0.0039 0.62 -1.37 C 5n 

426. a IH - Y :\1° 
(800) 

4219.36 28820 52514 11 13 0.38 0.12 18 0.12 G+ 4n,8 

427. a IR - z 11° 4118.54 28820 53094 II 13 0.58 0.17 26 0.28 C 8 
(801) 

428. a IH - Y IRo 4014.53 28820 53722 II 11 0.24 0.059 8.5 -0.19 C+ 4n 
(802) 

429. a IH - w ICO 3846.41 28820 54811 11 9 0.19 0.035 4.8 -0.42 C 5n 
(804) 

430. a IH t' "HO 

(805) 

3756.94 28820 55430 II II 0.25 0.052 7.1 --0.24 C+ 4n',5n 

431. a lH - S :iCO 

(807) 

3690.73 28820 55907 11 11 0.28 n.OS7 7.7 -0.20 C+ 4n 



370 FUHR ET AL. 

Fe I: Allowed transitions-Continued 

No. Multiplet A(A) Ej(cm- I) Edcm- I) gj g! Aki(lO" S-I) fi! 5 (at. u.) log gf Aecuracy Source 

432. a IH - U :IHo 

(808) 

3627.05 28820 56383 II II 0.027 0.0052 0.69 -1.24 C 5n 

433. a IH - u :\Fo 

(809) 

3599.62 28820 56593 II 9 0.19 0.030 3.9 -0.48 C+ 4n,5n 

434. a IH - v leo 3553.74 28820 56951 II 9 0.83 0.13 17 0.15 C+ 4n 
(810) 

435. a IH - X :11 0 

(811) 

3538.78 28820 57070 11 13 0.0076 0.0017 0.22 -1.73 C 8 
3534.53 28820 57104 11 II 0.022 0.0042 0.53 -1.34 C 5n 

436. ;; ~po _ e So 
(816) 

6400.00 29056 44677 7 9 0.059 0.046 6.8 -0.49 0- 14n 
6411.65 29469 45061 5 7 0.038 0.032 . 3.4 -0.79 0- 14n 
6246.32 29056 45061 7 7 0.029 O.oI7 2.4 -0.93 0- 14n 
6336.84 29733 45509 3 3 0.053 0.032 2.0 -1.02 0- 14n 
6141.73 29056 45334 7 5 0.010 0.0041 0.58 -1.54 C 5n 

437. z spo - e 7F 

(819) 

4572.86 29469 51331 5 5 0.0012 3.6(-4) 0.027 -2.74 C 5n 
4488.13 29056 51331 7 5 oms 0.0032 0.33 -1.65 C 5n 

438. z spo - f 70 
(820) 

4596.06 29056 50808 7 9 0.0094 0.0038 0.41 -1.57 C 5n 
4673.16 29469 50862 5 7 0.049 0.022 1.7 -0.95 0- 14n 
4701.05 29733 50999 3 5 0.0078 0.0043 0.20 -1.89 C 5n 
4643.46 29469 50999 5 5 0.037 0.012 0.92 -1.22 C 5n 
4690.14 29733 51048 3 3 0.025 0.0082 0.38 -1.61 C 5n 

439. z spo - fSD 

(821) 

4678.85 29056 50423 7 9 0.085 0.036 3.9 -0.60 D 9 
4619.29 29056 50699 7 5 0.056 0.013 1.4 -1.05 C 5n 
4669.17 29469 50880 5 3 0.047 0.0091 0.70 -1.34 C 5n 
4704.95 29733 50981 3 1 0.095 0.011 0.49 -1.50 C 5n 

440. ;; fipo _ e 7p 

(822) 

4638.01 29056 50611 7 7 0.039 0.013 1.4 -1.05 C 5n 
4673.28 29469 50861 5 5 0.040 0.013 1.0 -l.l8 C 5n 

441. z 5pO - e Sc 
(823) 

4560.09 29056 50980 7 9 0.0050 .0.0020 0.21 -l.85 C Sn 
4596.41 29469 51219 5 7 0.0025 0.0011 0.085 -2.25 C 5n 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 371 
Fe J: Allowed transitions-Continued 

No. Multiplet X(A) Ei(cm- I
) Ek(cm- I

) gi gk Aki (108 S-I) h S(at. u.) log gf Accuracy Source 

442. z spo - J 5F 
(825) 

4433.78 29056 51604 7 7 0.031 0.0090 0.92 -1.20 C 5n 
4495.95 29469 51705 5 5 0.Ql5 0.0045 0.33 -1.65 C 5n 
4485~97 29469 51754 5 3 0.0058 0.0010 0.078 -2.28 C 5n 

443. z spo_e 3D 

(827) 

4495.57 29056 51294 7 7 0.0042 0.0013 0.13 -2.05 C 5n 
4481.61 29733 52040 3 3 0.049 0.015 0.66 -1.35 C Sn 
4580.58 29469 51294 5 7 0.0043 0.0019 0.14 -2.02 C 5n 

444. z spo _ g5D 

(828) 

4484.22 29056 51350 7 9 0.081 0.031 3.2 -0.66 D 9 
4482.74 29469 51771 5 7 0.025 0.010 0.77 -1.28 C 5n 
4401.29 29056 . 51771 7 7 0.069 0.020 2.0 -0.85 C+ 4n 
4446.83 29733 52214 3 3 0.062 0.018 0.80 -1.26 C 5n 
4347.85 29056 52050 7 5 O.oI8 0.0037 0.37 -1.59 C 5n 
4395.29 29469 52214 5 3 0.020 0.0035 0.25 -1.76 C 5n 
4438.34 29733 52257 3 1 0.093 0.0092 0.40 -1.56 C 5n 

445. z spo - e 7S 

(829) 

4440.48 29056 51570 7 7 0.0048 0.0014 0.15 -2.00 C 5n 
4523.40 29469 51570 5 7 0.0056 0.0024 0.18 -1.92 C 5n 

446. z spo _ e sp 

(830) 

4388.41 29056 51837 7 7 0.13 0.038 3.8 -0.58 C+ 4n 
4423.84 29469 52067 5 5 0.020 0.0058 0.42 -1.54 C 5n 
4485.67 29733 52020 3 3 0.12 0.037 1.7 -0.95 C 5n 
4433.22 29469 52020 5 3 0.23 0.041 3.0 -0.69 C 5n 
4469.37 29469 51837 5 7 0.27 0.11 8.3 -0;25 C+ 4n 

447. z 'po - 4 

(836) 

3428.75 29056 58213 7 5 0.25 0.031 2.5 -0.66 D 12n 

448. a II - z 3Ho 

(838) 

5649.66 29313 47008 13 11 3.8(4) l.S( 4) 0.037 -2.70 C 5n 

449. a II - w:ICO 

(842) 

5284.42 29313 48231 13 11 6.7(-4) 2.4(-4) 0.054 -2.51 C 5n 

450. a It - z IHo 5242.49 29313 48383 13 11 0.032 0.011 2.5 -0.84 C+ 4n,8 
(843) 

451. a II - v :leo 

(845) 

4961.91 29313 49461 13 11 0.0015 4.6 -4 0.098 -2.22 C 5n 



372 FUHR ET AL. 

Fe I: Allowed transitions-Continued 

No. Multiplet X(A) A~(cm-I) Edcm- I) gi gk Adl0" S-I) f;k S(at. u.) log gf Accuracy Source 

452. a II - Y :11 0 

(849) 

4309.03 29313 52514 13 13 0.024 0.0067 1.2 -1.06 C+ 4n,5n,8 

453. a 11_ z 110 4203.94 29313 53094 13 13 0.13 0.034 6.2 -0.35 C 8 
(850) 

454. a II - x IHo 3813.88 29313 55526 13 11 0.091 0.017 2.7 -0.66 C+ 4n,5n 
(854) 

455. b :10 _ y :lpO 

(867) 

5760.35 29372 46727 7 5 0.0015 5.4(-4) 0.072 -2.42 C ~n 

5698.05 29357 46902 5 3 0.0017 4.9(-4) 0.046 -2.61 C 5n 

456. b :10 _ :lFo 

5762.43 29372 46721 7 9 0.0014 8.8(-4) 0.12 -2.21 C 5n 
5636.71 29357 47093 5 7 8.6(-4) 5.8(-4) 0.054 -2.54 C 5n 

457. h :10 _ 500 

5707.07 29372 46889 7 9 0.0011 6.7(-4) 0.088 -2.33 C 5n 
5660.79 29357 47017 5 7 4.6(-4) 3.1(-4) 0.029 -2.81 C 5n 

458. b 3D _ :100 

5754.41 29372 46745 7 7 6.7(-4) 3.3(-4) 0.044 -2.63 C Sa 
5702.43 29357 46889 5 5 6.5(-4) 3.2(-4) 0.030 -2.80 C 5n 
5568.81 29320 47272 3 3 9.5(-4) 4.4(-4) 0.024 -2.88 C 5n 

459. b :10 _ IDo 

5539.28 29372 47420 7 5 0.0011 3;7(-4) 0.047 -2.59 C 5n 

460. b 30 _·z ICO 

(872) 

5529.15 29372 47453 7 9 5.3(-4) 3.1(-4) 0.040 -2.66 C 5n 

461. b :10 - V 5Fo 

(875) 

5294.56 29357 48239 5 5 7.7(-4) 3.2(-4) 0.028 -2.79 C 5n 
5298.79 29372 48239 7 5 0.0039 0.0012 0.14 -2.09 C 5n 

462. b :10 - V 5pO 

(877) 

5320.05 29372 48163 7 5 0.0016 4.8(-4) 0.059 -2.47 C 5n 

463. b :10 - X :lpO 

(880) 

5280.36 29372 48305 7 5 0.0052 0.0016 0.19 -1.96 C 5n 
5223.19 29320 48460 3 1 0.012 0.0016 0.082 -2.32 C 5n 
5207.95 29320 48516 3 3 0.0034 0.0014 0.071 -2.38 C 5n 

464. & :lD - w :IFo 

(883) 

4970.50 29320 49433 3 5 0.013 0.0078 0.38 -1.63 C 5n 
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TRANSITION PROBABILITIES FOR· IRON, COBALT, AND NICKEL 373 
Fe·I: Allowed transitions-Continue 

No. Multiplet X(A) f,~(cm-I) f..k(cm- I) gi g~ Aki (l08 8 - 1) f;~ S(at. u.) log gf Accuracy Source 

465. b 30 -1' "0° 
(884) 

5058.50 29372 49135 7 7 6.2(-4) 2.4(~4) 0.028 ~2.78 0 15n 
5054.64 29357 49135 5 7 0.0032 0.0017 0.14 ~2.07 C 5n 

466. b ;10 - Z 100 

(887) 

4968.69 29357 49477 5 5 0.01l 0.0039 . 0.32 -1.71 C 5n 

467. b 30 - iv 3pO 

(888) 

4799.41 29357 50187 5 5 0.0040 0.0014 0.11 -2.16 C 5,. 

468. b· ;ID - .. v .:IFo 

(894) 

4512.41 29357 51365 5 7 0.0048 0.0021 0.16 -1.98 C Sn 

469. b. ;10 - U :ICO 

(HQR) 

4483.78 29372 51668 7 9 0.0015 5.7(-4) 0.059 -2.40 C 5n 

470. b "0 - U :100 

(903) 

4360.81 29372 52297 7 5 O.otl 0.0023 0.23 -1.80 C 5n 

471. b 30 - :IDo 

4285.83 29357 52683 5 5 0.014 0.0039 0.28 -1.71 C Sn 

472. b :10 _ :lpo 

4246.08 29372 52916 7 5 0.069 0.013 1.3 -1.03 C+ 4n,5n 

473. b :10 - S ;IDo 

(907)" 

4239.36 29372 52954? 7 7 0.019 0.0051 0.50 -1.45 C 5n 

474. b ;ID - :150 

4088.57 29357 53808 5 3 0;046 0.0069 0.47 -1.46 C 5n 
4082.44 29320 :i3808 5 3 0.044 0.011 0.45 -1.48 C 5n 

475. b :ID_ 5Do 
-

4010.18 29372 54301 7 9. 0.0000 0.0027 0.2::; -1.72 C :)" 

476. b :10 - taCo 

(913) 

4020.49 29372 54237 7 9 0.0091 ·0.0029 0.26 -1.70 C Sn 
3960.28 29357 54600 5 7 0.049 0.016 1.I -1.09 C 5n 

477. b :lD - w 100 

(916) . 

3787.16 29357 55754 5 5 0,12 0.026 1.6 -0.88 C+ 4n,5n 



374 FUHR ET AL. 

Fe J: Allowed transitions-Continued 

No. Multiplet A(A) t:(cm- I) Edcm- I) gi gk Aki(lO" S-I) f;k S(at. u.) log gf Accuracy Source 

478. b :10 - w IFo 

(917) 

3781.94 29357 55791 5 7 0.043 0.013 0.80 -1.19 C 5n 

479. b Ie _ '0° 

5849.67 29799 46889 9 9 2.6(-4) 1.3(-4) 0.023 -2.92 C 5n 

480. b Ie - z leo 5662.94 29799 47453 9 9 0.0012 5.8(-4) 0.098 -2.28 C 5n 
(924) 

481. b Ie - 'HO 

5549.91 29799 17812 9 9 3.5(-4) 1.6(-4) 0.026 -2R4. r. !'>n 

5543.15 29799 47834 9 7 0.0098 0.0035 0.58 -1.50 C 5n 

482. b Ie - W :Ieo 

(927) 

5385.58 29799 48362 9 9 3.2(-4) 1.4(-4) 0.022 -2.90 C 5n 

483. b Ie - z IHo 5379.57 29799 48383 9 11 0.0078 0.0041 0.66 -1.43 C 4n,5n,8 
(928) 

484. b Ie - y leo 5288.53 29799 48703 9 9 0.0071 0.0030 0.47 -1.57 0 15n 
(929) 

485. b Ie - W :IFo 

(930) 

5177.23 29799 49109 9 9 0.0012 5.0(-4) 0.076 -2.35 C 5n 

486. b Ie - X :IHO 

(935) 

4700.19 29799 51409 9 11 0.0067 0.0027 0.38 -1.61 C 5n 

487. b Ie - y IFo 4189.56 29799 53661 9 7 0.030 0.0061 0.76 -1.26 C 5n 
(940) 

488. b Ie - X :IFO 

4171.69 29799 53763 9 7 0.034 0.0069 0.85 -1.21 C 5n 

489. b Ie - w leo 3996.97 29799 54811 9 9 0.074 0.018 2.1 -0.80 C+ 4n,5n 
(945) 

490. b Ie - S :Ieo 

(948) 

3829.13 29799 55907 9 11 0.031 0.0084 0.96 -1.12 C 5n 

491. z 3Fo - e :IF 

(959) 

6003.03 31307 47961 9 9 0.017 0.0090· 1.6 -1.09 0- 14n 
5952.75 32134 48928 5 5 0.016 0.0085 0.84 -1.37 C 5n 
5804.06 31307 48532 9 7 0.0017 6.7(-4) 0.12 -2.22 C 5n 
5838.42 31805 48928 7 5 0.0021 7.7(-4) 0.10 -2.27 C 5n 
6188.04 31805 47961 7 9 0.0043 0.0032 0.46 -1.65 C 5n 
6096.69 32134 48532 5 7 0.0035 0.0028 0;28 -1.86 C 5n 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 375 

Fe i: Allowed transitions-Continued 

., ....... 

No. Multiplet A(A)- E;(cm- I) E;(cm- 1
) gi g; A*;(106 S-I) fir 5 (at. u.) log gf Accuracy Source 

492. z ~Fo -e ~D 

(965) 

5001.86 31307 51294 9 7 0.40 0.12 17 0.02 C+ 4n 

5014.94 31805 51740 7 5 0.31 0.082 9.5 ~0.24 C+ 4n 

5022.24 32134 52040 5 3 0.27 0.060 5.0 -0.52 - C+ 4n 

5129.63 31805 51294 7 7 0.0060 0.0024 0.28 -1.78 C 5n 
5099.09 32134 51740 5 5 0.018 0.0069 0.58 -1.46 C 5n 

493. z'FO-gSD 
(966) 

4978.60 32134 52214 5 3 O.ll 0.025 2.1 -0.90 D-:-:- 14n 

494. z:iFo -' e 75 

(967) 

5058.00 31805 51570 7 7 0.0013 5.0(-4) 0.058 -'-2.46 C 5n 

495. z :lFo - g sF 
(969) 

4452.62 31805 54258 7 5 0.0093 0.0020 0.20 -1.86 C 5n 
4492.68 32134 54386 5 3 0.029 0.0053 0.39 -1.58 C Sn 

rJ.96. z 3Fo -: 1 5p 
(971) 

4593.53 31805 53569 7 5 0.0065 0.0015 0.15 -1.99 C 5n 
4587.72 32134 53925 5 3 0.0088 0.0017 0.13 -2.08 C 5n 

_497. z 'Fo - 15G 
(972) 

~ 4551.65 31805 53769 7 9 0.0037 0.0015 0.15 -1.99 C 5n 
4450.77 31307 53769 9 9 0.0025 7.5(-4) 0.099 -2.17 C Sn 

498. z :lFo - e '~G 

(973) 

4456.63 31307 53739 9 11 0.0075 0.0027 0.36 -1.61 C 5n 
4494.05 32134 54379 5 7 0.0086 0.0036 0.27 -1.74 C 5n 
4392.58 31307 54067 9 9 0.0045 0.0013 0.17 -1.93 C 5n 

499. z 3Fo ~ 1:1D 
(974) 

4455.03 31307 53748 9 7 0.046 O.OIl 1.4 -1.0~ C .5n 

500. -'" 'Fo _ p 3H 

(975) 

4300.21 31307 54555? 9 9 0.0073 - 0.0020 0.26 -:'1.74 C 5n 

501. z ~Fo - 1 :IF 

(976) 

4276.68 31307 54683 9 9 0.029 0.0080 1.0 -1.14 C 5n 
4300.83 32134 55379 5 5 IJ'O~~ U.015 1.1 -1.l:l C 511 

502. z 3Fo-2 

(977) 

3975.85 31307 56452 9 9 0.030 0.0070 0.83 -1.20 C 5n 
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Fe I: Allowed transitions-Continued 

No. Multiplet X(A.) E;(cm-1) f,~.(cm-l) g; gk AdIOs S-l) fi. Stat. u.) log gf Accuracy Source 

503. z :iDo - e 5F 

(981) 

6226.77 31323 47378 7 9 0.0014 0.0010 0.15 -2.15 C 5n 

504. z :100 - e :IF 

(982) 

5934.66 31686 48532 5 7 0.021 0.016 1.6 -1.10 C Sn 
5883.84 31937 48928 3 5 0.020 0.017 0.99 -1.29 C 5n 
5809.25 31323 48532 7 7 0.0048 0.0024 0.32 -1.77 C 5n 
5798.19 31686 48928 5 5 0.0060 0.0030 0.29 -1.82 C 5n 

505. z :100 - e :iO 

(984) 

4973.10 31937 52040 3 3 0.12 0.044 2.2 -0.88 C+ 4n 
4896.44 31323 51740 7 5 0.0058 0.0015 0.17 -1.98 C 5n 
4911.78 31686 52040 5 3 0.018 0.0038 0.31 -1.72 C 5n 
5048.43 31937 51740 3 5 0.034 0.022 l.l -1.l9 C 4n 

506. z :iOO _ g 50 

(985) 

4930.31 31937 52214 3 3 0.048 0.017 0.85 -1.28 C 5n 
4870.05 31686 52214 5 3 0.0050 0.0011 0.086 -2.27 C 5n 

507. z "00 - e 5p 

(986) 

4905.13 31686 52067 5 5 0.00S8 0.0021 0.17 -1.98 C 5n 

508. z :100 - /:10 
(992) 

4466.94 31686 54067 5 5 0.035 0.010 0.77 -1.28 C 5n 
4440.82 31937 54449 3 3 0.033 0.0098 0.43 -1.53 C 51l 

4391.87 31686 54449 5 3 0.012 0.0021 0.15 -1.97 C 5n 

509. :; :100 - /:'F 
(QQ~) 

4279.48 31323 54683 7 9 0.016 0.0058 0.57 -1.39 C 5n 

4264.74 31937 55379 3 5 0.031 0.014 0.59 -1.38 C 5n 

4200.09 31323 55125 7 7 0.047 0.012 1.2 -1.06 C 5n 

5'10. z "00 - e :lp 

(994) 

4243.79 31323 54880 7 5 0.028 0.0053 0.52 -1.43 C Sn 

4220.05 31686 55376 5 3 0.032 0.0051 0.36 -1.59 C 5n 

4310.37 31686 54880 5 5 0.027 0.0074 0.53 -1.43 C 5n 

511. .. "DO - i ~'D 

(995) 

3839.61 31937 57974 3 5 0.40 0.15 5.6 -0.35 C 5n 

512. (' :IF _ 5Do 

7132.99 32874 46889 9 9 0.0030 0.0023 0.49 -1.68 C 5n 

7068.42 32874 47017 9 7 0.0093 0.0054 1.1 -1.31 C 5n 

513. c :IF - Z :IHo 

(l003) 

7024.08 32874 47106 9 9 0.0014 0.0011 0.22 -2.02 C 5n 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 377 
Fe I: Allowed transitions~Continued 

,,---'--

No. Multiplet X(A) f..:(cm-:- 1
) Ek(cm- I

) gi g, A,; 008 
5-

1
) f;k 5(at. u.) log gf Accuracy Source 

,,--

514. c 3F:" w seo 

(l005) 

7000.63 33413 47693 7 7 0.0014 0.0010 0.17 -2.14 C 5n 
I 7107.46 33765 47831 5 5 0.0028 0.0021 0.25 -1.97 C 5n 

515. c:lF-zlGo 

(1006) 

6857.25 32874 47453 9 9 0.0013 9.2(-4) 0.19 -2.08 C 5n-

S16. e :iF - y leo 

(1014) 

6315.81 32874 48703 9 9 0.0043 0.0025 0.48 -1.64 C 5n 
I 

517. c :iF -- W :iFo 

- (1015) 

6157.73 32874 49109 9 9 0.013 0.0072 1.3 -1.19 C 5n 
6380.75 33765 49433 5 5 0.015 0.0094 0.98 -L33 C 5n 

51ft (: :IF - V :Ino 

(1016) 

6147.85 32874 49q5 9 7 0.0059 0.0026 0.47 -1.63 C 5n 

519. c :IF - II :lGo 

(1018) 

6027.06 32874 49461 9 11 0.012- 0.0080 1.4 -1.14 C " 5n 
6165.37 33413 49628 7 9 0.0065 0.0047 0.67 -1,48 C 5n 
6215.15 33765 49851 5 7 0.011 0.0085 0.87 -1.37 C , 5n 

520. c:IF-z'n° 

(1019) 

I 
I 

6362.89 33765 49477 5 5 0.0041 0.0025 0.26 -1.90 C 5n 

521. c .1F - z IFo 

(1021) 

5643.94 32874 50587 9 7 0.0031 0.0012 0.19 -1.98 C 5n 

522. c :IF - x leo 

!-(1022) 
I 

5811.93 33413 50614 7 9 9.6(-4) 6.2(~4) U.UM -Z.3b C 5n 

523. (' :IF - x aHo 

(1024) 

5494.46 32874 51069 9 11 0.0019 0.0011 0.17 -2.02 C 5n 

524. c :iF - t 5n o 

(1025) 

5487.74 33413 51630? 7 5 0.093 0.030 :),8 -0.68 D- 14n 

525. c :iF - II :lFo 

(1026) 

5587.58 33413 51305 7 9 0.0039 0.0024 0.31 -1.78 C 51l 
5680.26 33765 51365 S 7 9.1(-4) 6.2(-4) 0.058 -2.51 C 5n 
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Fe I: Allowed transitions-Continued 

No. Multiplet A(A) A: (cm- I ) E,dcm- ' ) g; gk AdIOs S-I) tk S(at. u.) log gf Accuracy Source 

526. c :IF - U :leO 

(1029) 

5319.22 32874 51668 9 9 0.0013 5.6(-4) 0.088 -2.30 C 5n 

527. c :IF _ IHo 

5329.99 32874 51630 9 11 0.013 0.0065 1.0 -1.23 C 5n 

528. c :IF _ y 100 

(1030) 

5464.29 33413 51708 7 5 0.010 0.0032 0.40 -1.65 C 5n 

529. c :IF - U :100 

(1031) 

5293.97 33413 52297 7 5 0.0075 0.0023 0.28 -1.80 C 5n 
5332.67 33765 52512 5 3 0.0075 0.0019 0.17 -2.02 C 5n 
5397.51 33113 51969 7 7 0.0029 0.0012 0.15 -2.07 C 5n 

5394.68 33765 52297 5 5 0.013 0.0056 0.50 -1.55 C 5n 
5491.84 33765 51969 5 7 0.0015 9.4(~4) 0.085 -2.33 C 5n 

530. c :IF _ :100 

5187.91 33413 52683 7 5 0.032 0.0092 1.1 -1.19 C 4n,5n 
5136.09 33765 53230 5 3 0.0075 0.0018 0.15 -2.05 C 5n 
5284.62 33765 52683 5 5 0.0044 0.0018 0.16 -2.04 C 5n 

531. c :IF _ :lpO 

5236.19 33765 52858 5 3 0.018 0.0045 0.39 -1.65 C 5n 

532. c :IF _ sFo 

4729.02 32874 54014 9 11 0.0070 0.0029 0.40 -1.59 C 5n 

533. c :IF - X :iFo 

4999.11 33765 53763 5 7 0.0082 0.0043 0.35 -1.67 C 5n 

534. c :IF - '00 

4785.96 33413 54301 7 9 0.0045 0.0020 0.22 -1.86 C 5n 

535. c :IF - I :leO 

(1042) 

4735.84 32874 53983 9 11 0.019 0.0079 1.1 -1.15 C 5n 
4800.65 33413 54237 7 9 0.021 0.0092 1.0 -1.19 C 5n 
4798.26 33765 54600 5 7 0.014 0.0066 0.52 -1.48 C 5n 

536. c :IF _ spo 

4854.89 33413 54005 7 7 0.0043 0.0015 0.17 -1.97 C 5n 

537. (. :IF - X IHo 

(1046) 

4413.40 32874 55526 9 11 0.011 0.0039 0.50 -1.46 C 5n 
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TRANSITION PROBABILITIES FORIRON,COBAL T, AND NICKEL 379 

Fe I: Allowedtransitions--:-Contintied 

No. Multiplet. A(A) A: (em-I) A.(em- I
) g; gk AdIOS S-I) Jilr S(at. u.) log gf Accuracy Source 

53B~ y "DO - e "F 
(l051) 

7130.94 34017 48037 3 5 0.044 0.055 3.9 -0.78 C Sn 
7090.40 34122 48221 I 3 0.032 0.072 1.7 -1.14 C Sn 
6999.90 33096 47378 9 9 0.0049 0.0036 0.75 -1.49 C Sn 

7016.44 33507 47756 7 7 0.012 0.0092 1.5 -1.l9 C 5n 

7022.98 33802 48037 5 5 0.018 0.013 1.5 -1.18 C 5n 
7038.25 34017 48221 3· 3 0.026 0.020 1.4 -1.23 C 5n 

539. y 500 - e :iF 
(1052) 

6916.70 33507 47961 7 9 0.0065 0.0060 0.95 -1.38 C 5n 

6786.88 33802 48532 5 7 0.0021 0.0020 0.22 -2.00 C 5n 

540. j 500 - [SO 

(1055) 

58.15.16 33507 50699 7 5 0.0011 4.0(-4) 0.054 -2.55 C 5n 

~ 41. Y 500 - e 7C 

(1058) 

5481.25 33096 51335 9 9 0.012 0.0052 0.84 -1.33 C 5n 

542. y 500 - e :10 

(1061) 

5493.51. 33096 51294 9 7 0.0054 0.0019 0.31 -1.77 C 5n 
5483.1J 33507 51740 7 5 0.014 0.0044 0.56 -LSI C 5n 
5381.45 33802 52040 5 3 0.031 0.0083 0.75 -1.38 C 5n 
5620.53 33507 51294 7 7 0~OO57 0.0027 0.35 -1.72 C 5n 
5547.00 34017 52040 3 3 0.010 0.0048 0.26 -1.84 C 5n 

543. y 500 _ g50 

(l062) 

5473.90 33507 51771 7 7 0.057 0.025 3.2 -0.75 C+ 4n 
5478.48 33802 52050 5 5 0.0074 0.0033 0.30 -1.78 C 5n 
5353.39 33096 51771 9 7 0.051 0.017 2.7 -0.81 0- 14n 
5480.87 34017 52257 3 1 0.14 0.022 1.2 -1.l9 C 5n 
5563.60. 33802 51771 5 7 0.037 0.024 2.2 -0.92 C 5n 
5543.94 34017 52050 3 5 0.031 0.028 1.6 -1.07 C 5a 
5525.55 34122 52214 I 3 0.040 0.055 1.0 -1.26 (; 5n 

544. .y 5Do c 5p 

(l064) 

5386.34 33507 52067 7 5 0.0092 0.0029 0.35 -1.70 C 5n 
5473.18 33802 52067 5 5 0.0038 0.0017 0.15 -2.07 C 5n 

545. y 500 _ g SF 

(1065) 

1991.27 33802 53831 5 7 0.088 0.046 3.8 -0.64 D- 14n 

546. y f,OO - h 50 

(1066) 

49~~.1,I5 jj507 5j540 7 7 0.058 0.022 2.5 -0.82 C+ 4/1 
4969.92 34017 54133 3 3 0.16 0.061 3.0 -0.74 0+ 1011 
4917.23 33802 54133 5 3 0.071 0.016 1.3 -1.11 C 511 
5088.16 33507 53155 7 9 0.0056 0.0028 0.33 -- 1.71 C SII 
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FUHR ET AL. 

Fe I: Allowed transitions-Continued 

.. --='cc,c=-===;;======;:=====;==:;:===;=====r=====r======;:====;=====;==== 
\'0) 

54, . )' ~'Do - f ~'C 

(1068) 

548. Y 'Do - (' :IC 

(1069) 

549. Y 'Do - f:ID 
(1070) 

550. Y 'Do - i 'D 
(1073) 

551. )' 'Do - 4 
(1075) 

552. Y "FO - (' :IF 
(1078) 

553. Y 'Fo .:. (' "c 
(l083) 

554. ylFO - f "F 
(1084) 

555. Y 'Fo - (' "D 

(1086) 

556. Y 'Fo - g "D 
(1087) 

4835.87 33096 
4840.32 33507 
4859.13 33802 
4790.56 33507 

4842.79 33096 

4841.78 33802 
4892.87 34017 
4986.22 34017 
4918.01 34122 

4085.98 33~07 

4095.27 33802 

7008.01 33695 
7038.82 34329 

5940.97 33695 
5877.77 33695 

5742.95 33695 
5858.77 34040 
5835.10 34329 

5793.93 34040 
571\1.86 31329 

5814.80 34547 

5638.27 34040 
5641.46 34329 
5691.51 34692 
5731.77 34329 
5711.87 
5705.48 
5873.21 
5804.48 

34547 
34692 
34329 
34547 

53769 
54161 
54376 
54376 

53739 

54449 
54449 
54067 
54449 

57974 

58213 

47961 
48532 

50523 
50704 

51103 
51103 
51462 

51294 
51710 

51740 

51771 
52050 
52257 
51771 
52050 
52214 
51350 
51771 
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9 
7 
5 
7 

9 
7 
5 

5 

9 II 

5 

3 
3 
1 

11 
7 

5 

9 

7 

II 13 
11 11 

11 11 
9 II 
7 9 

9 
7 

5 

9 
7 
3 

7 
5 
3 

7 
5 

7 
5 
1 
7 
5 
3 
9 
7 

0.012 
0.Ql9 

0.012 
0.0016 

0.0084 

0.015 
0.057 
0.026 
0.047 

0.059 

0.037 

0.0015 
0.0023 

0.0012 
0.0012 

6.7{-4) 
0.0011 
0.0011 

0.0067 
0.0089 

0.0050 

0.048 
0.033 
0.073 
0.017 
0.017 
0.020 
0.0018 
0.0030 

0.0041 
0.0068 
0.0044 
3.8(-4) 

0.0036 

0.0031 
0.021 
0.016 
0.051 

0.011 

0.0094 

9.3(-4) 
0.0017 

7.6(-4) 
6.3(-4) 

3.3(-4) 
7.2(-4) 
7.2(-4) 

0.0026 
0.0031 

0.0025 

0.018 
0.011 
0.012 
0.0084 
0.0081 
0.0098 
0.0012 
0.0021 

5 (at. u.) 

0.59 
0.76 
0.35 
0.042 

0.52 

0.25 
0.99 
0.79 
0.83 

1.0 

0.63 

0.24 
0.28 

0.16 
0.13 

0.069 
0.12 
0.096 

0.45 
0.11 

0.24 

2.9 
1.4 
0.66 
1.1 
0.77 
0.55 
0.16 
0.20 

log gf Accuracy 

-1.43 
-1.32 
-1.66 
-2.57 

-1.49 

-1.81 
-1.21 
-1.32 
-1.29 

-1.13 

-1.33 

-1.99 
-1.92 

-2.08 
-2.16 

C 
C 
C 
C 

C 

C 
D 
C 
C 

c 

C 

C 
C 

C 
C 

-2.44 C 
-2.19 C 
-2.30 C 

-1.63 
-1.66 

-1.90 

-0.80 
-1.l1 
-1.45 
-1.23 
-1.39 
-1.53 
-2.07 
-1.97 

C 
c 
C 

C 
C 
C 
C 
C 
C 
C 
C 

Source 

5n 
5n 
5n 
5n 

Sn 

5n 

15n 
5n 

5n 

5n 

Sn 

Sn 

Sn 

Sn 

5n 
Sn 

Sn 

5n 
5,. 

5n 

5n 
5n 
5n 

5n 
5n 
5n 

5n 
5n 



TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 381 

Fe I:. Allowed transitions---'-Continued 

No.: Multiplet ~(A)· f.: (cm""' I) Edcm- I
) gi g" A/ci(10· 5- 1) f;k S(at. u.) log gf Accuracy Source 

557. y "Fo - e ~p 

(1088) 

5635.85 34329 52067 7 5 0.0064 0.0022 0.28 -1.82 C 5n 

558. y 5Fo _ It: sF 

(1089) 

5162.27 33695 53061 11 11 0.27 0.11 20 0.08 D 9 
5126.19 34329 53831 7 7 0.035 0.014 1.6 -LOl C 5n 
5243.78 34329 53394 7 9 0.022 0.012 1.4 ....,1.08 C 5n 
5184.26 34547 53831 5 7 0.042 0.023 2.0 -0.93 C 5n 
5109.65 34692 54258 3 5 0.063 0.041 2.1 -0.91 C- 15n 

";59. y_ 5Fo 1t· 5D 

(1090) 

5137.38 33695 53155 11 9 0.11 0.037 6.9 -0.39 C+ 4n 
5125.11 34040 53546 9 7 0.30 0.092 14 -0.0& D 9 
5090.78 34329 53967 7 5 0.21 0.058 6.8 -0.39 C+ .4n . 
5104.44 34547 54133 5 3 0.020 0.0048 0.40 -1.62 C 5n 

560. y 5Fo - fOp -

(1091) 

5228.41 34040 53160 9 7 0.021 0.0067 1.0 -1.22 C 5n 
5159.06 34547 - 53925 5 3 0.~4 0.034 2.9 -0.77 D- 14n,15n 
5197.93 34692 53925 3 3 0.022 0.0090 0.46 -1.57 C 5n 

561. y 5 FO 
- f SG 

(1092) 

5133.69 _ 33695 53169 11 13 0.31 0.14 27 0.20 D 9 
5104.21 33695 53282 11 11 0.0029 0.0011 0.21 -1.90 C 5n 
5067.15 34040 53769 9 9 - 0.037 0.014 2.1 -0.89 C- 15n 

562. y SFO_e 5H 

(l093) 

5012.68 34547 54491 5 7 0.0072 0.0038 0.31 -1.72 C 5n 

563. y'SFO - e :'G 

(l094) 

4991.86 34040 54067 -9 9 0.0043 0.0016 0.24 -1.84 C 5n 
5074.75 34040 53739 9 11 0.15 0.072 11 -0.19 C+ 4n 

564. y "FO - f:'D 
(l095) 

5023.23 34547 54449 5 3 0.026 0.0059 0.49 -1.53 C 5n 
5121.64 34547 54067 5 5 0.086 0.034 2.9 -0.77 C+ 4n,5n 

565. y "FO - e :IH 

(l097) 

--
4962.56 33695 53841 ? 11 13 0.013 0.0055 0.98 -1.22 C 5n 

566. y sFo - f:IF 

(l098) 

4911.52 34329 54683 7 9 0.0021 9.7(-4) 0.11 --2.17 C 5n 

567. y "Fo - g 'G 
(l103) 

4112.96 33695 58002 11 13 0.15 O.()44 (l.S -0.32 C 4n.5n 
4137.42 34547 5871O? 5 7 0.072 0.026 1.8 -0.89 C 511 
4142.63 34692 58825 3 5 0.087 0.037 1.5 -0.95 C 511 
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Fe I: Allowed transitions-Continued 

No. Multiplet A(A) /<;;(cm- I) Ek(cm- I) g; gk Ak;(l08 S-I) ftk S(at. u.) log gf Accuracy Source 

568. z :Ipo - e 5F 
(1105) 

7095.43 33947 48037 5 5 0.0030 0.0022 -0.26 -1.95 C 5n 

569. z :lpo - e :'D 

(1107) 

5762.99 33947 51294 5 7 0.10 0.073 6.9 -0.44 C+ 4n 
5753.12 34363 51740 3 5 0.072 0.059 3.4 -0.75 C+ 4n 
5717.85 34556 52040 1 3 0.059 0.087 1.6 -1.06 C 5n 
5618.65 33947 51740 5 5 0.021 ·0.0098 0.91 -1.31 C 5n 

570. z 'pv - g ~D 

(1108) 

5652.32 34363 52050 3 5 0.0055 0.0044 0.25 -1.88 C 5n 
5661.36 34556 52214 1 3 0.0078 0.01l 0.21 -1.95 C 5" 
5522.46 33947 52050 5 5 0.014 0.0066 0.60 -1.48 C 5n 
5472.72 33947 52214 5 3 0.017 0.0045 0.40 -1.65 C 5n 

571. z ·'(>0 _ e 0p 

(1109) 

5517.08 33947 52067 5 5 0.0022 0.0010 0.091 -2.30 C 5n 

572. z 3po _ g 5r 

(1110) 

5027.76 33947 53831 5 7 0.025 0.013 1.1 -1.18 C 5n 
4992.80 34363 54386 3 3 0.0048 0.0018 0.088 -2.27 D 15n 

573. z :Ipo - h 50 

(1111) 

4993.68 33947 53967 5 5 0.021 0.0080 0.65 -1.40 C 5n 
5056.86 34363 54133 3 3 0.011 0.0043 0.21 -1.89 C 5n 

574. z :Ipo - J5p 

(1112) 

5004.04 33947 53925 5 3 0.042 0.0094 077 -1.33 C 5n 

575: :: :lpO _ J5G 

(1113) 

4945.64 33947 54161 5 7 0.014 0.0073 0.59 -1.44 C 5n 
4995.41 34363 54376 3 5 0.0081 0.0050 0.25 -1.82 C 5n 

576. b ID _ Y IDo 5856.08 31637 51708 5 5 0.010 0.0054 0.52 -1.57 r. 5n 
(1128) 

577. b 10 - x 100 5837.71 34637 51762 5 5 0.0021 0.0011 0.10 -2.27 C 5n 
(1129) 

578. b ID _ Ipo 5698.37 34637 52181 5 3? 0.0057 0.0017 0.16 -2.08 C 5n 

579. b 10 _ :'Do 

5539.83 34637 52683 5 5 0.0015 6.9(-4) 0.063 -2.46 C 5n 
5376.85 34637 53230 5 3 0.0044 0.0012 0.10 -2.24 C 5n 

580. b ID - w IDo 4734.10 34637 55754 5 5 0.Ql8 0.0062 0.48 -1.51 C 5n 
(1133) 
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'TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 383 

Fe I: Allowed transitions-Continued 

No; Multiplet A(A) ";i(cm- I
) E.(cm- I

) gi gc Aki(W" S-I) fie S(at. u.) log gf Accura~y Source 

I 
58l. z Seo -: g:;F 

(l143) 

5361.64 35612 54258 7 5 0.020 0.0062 0.77 -:-1.36 C 5n 
5395.25 35856 54386 5 3 0.0061 0.0016 0.14 -2.10 C 51i 
5512.26 35257 53394 9 9 0.011 0.0050 0.61 -1.35 C 5n 

5487.16 35612 53831 7 7 O.Qll 0.0050 0.63 -1.46 C . 5n 

5432.95 35856 54258 5 5 0.048 0.021 1.9 -0;97 C 5n 

582; = ~Co - h liD 

(1144) 

5441.32 34782 53155 11 9 0.0055 0.0020 0.39 -1.66 C 5n 

5466.39 35257 53546 9 7 0.080 0.028 4.5 -0.60 D..:.: 14n 

5470.17 35856 54133 5 3 0.014 0.0036 0.33 -1.74 C 5n 

583. z sco - f 5C 
(1145) 

5400.50 35257 53769 9 9 0.20 0.088 14 -0.10 D 9 
5389.48 35612 54161 7 7 0.14- 0.060 ·:7.4 -0.38 D- 14n 

5398.29 '.35856 54376 5 5 0.10 0.044 3.9 -0.66 C 5n 
5546.51 35257 ·53282 9 II 0.011 0.0064 1.1 -1.24 C 5n 

5461.54 35~56 54161 5 7 0.0047 0.0030 0.27 -l.83 C 5n 

584. .z sco - e 5H 
. (1146) 

5424.07 34844 '53275? 13 15 0.57 0.29 68 0.58 D 9 
5383.37 34782 53353? 11 13 0.59 0;30 59 0.52 C+ 4n.5n 

·5369.96 35257 53874? 9 Ii 0.48 0.25 40 '0.36 C+ 4n 
5367.47 35612 54237 7 9 0.59 0.33 40 0.36 C+ 4n 
5364.87 35856 54491 5 7 0.63 0.38 34 0.28 D 9 
5401.27 34844- 53353? 13 13 0.0025 0.001l 0.25 -1:85 C 5n 
5295.32 35612 54491 7 7 OJ)082 0.0034 0.42 -1.62 C 5n 

585. z liCe - e :Ie 
(147) 

:J31!>.U·/ 3!lil57 54007 I} ~ O.OmS7 0.00:$1 0.58 -1.48 C 5n 
5409.13 35257 53739 9 11 0.012 0.0065 1.0 -1.23 C· 5n 

586. z lice - f:iD 
(1140) ~ 

5406.77 35257 53748 9 7 0.0073 0.0025 0.40 -1.65 C 5n 
5417.03 35612 54067 7 5 0·911 0.0035 0.44 -1.61 C 5n 
5489.85 35856 54067 5 5 0.0030 0.0014 O~12 -2.17 ,C an 

587. zSCo -e aH 
(1149) 

5056.00 34782 54555? 11 9 0.0033 0.0010 0.19 -1.94 C 5/1 

588. z sco - f:~F 

(l150) 

5023.50 34782 54683 11 9 0.0067 0.0021 0.38 -).64 C 511 
5031.90 35257 55125 9 7 0.0095 0.0028 0.42 ~1.60 C 5n 
5146.30 35257 . 54683 9 9 0.0031 0.0012 0.19 -1.96 C 5fl 

a:l41.YU 35()lZ 54683 7 ~ O.OUolS Q.U03b (J.4;~ -1.60 C an 

589. z ·'iCo - 3 

(1152) 

4631.48 35257 56843 9 9 0.0040 0.0013 0.18 -1.94 C 5n 
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Fe I:' Allowed transitions-Continued 

No. Multiplet i\(A) A: (crn- I
) Ak(cm- I

) gi g. Aki (10" 8-
1
) fA S(at. u.) log gf Accuracy Source 

590. z :IGO - g 5f 

(1159) 

5653.89 35379 53061 II II 0.0051 0.0024 0.50 -1.57 C 5n 

591. z :IGO - h 50 

(1160) 

5624.06 35379 53155 11 9 0.0091 0.0035 0.72 -1.41 C 5n 

592. z :ICO _jr,C 

(1161) 

5619.60 35379 53169 II 13 0.0038 0.0021 0.43 -1.63 C 5n 
5708.11 35768 53282 9 11 0.0059 0.0035 0.59 -1.50 C 5n 
5651.47 36079 53769 7 9 0.0027 0.0017 0.22 -1.93 C 5n 
5553.59 35768 53769 9 9 O.oII 0.0051 0.84 -1.34 C 5n 
5528.89 36079 54161 7 7 0.0035 0.0016 0.20 -1.95 C 5n 
5436.30 35379 53769 11 9 0.0085 0.0031 0.61 -1.47 C 5n 

593. z :IC O - e :IG 

(l163) 

5445.04 35379 53739 11 11 0.22 0.10 20 0.04 0 9 
5463.27 35768 54067 9 9 0.33 0.15 24 0.12 C+ 4n 
5349.74 35379 54067 11 9 0.Dl5 0.0054 1.0 -1.23 C 5n 
5557.95 36079 54067 7 9 0_015 0_0088 1.1 -1.21 r. 5n 

594. z :IGO - j:lD 

(1164) 

55bU.2::i ::i5768 53748 9 7 0.023 0.0084 1.4 -LI2 C 5n 

595. = :lGo _ e :IH 

(1165) 

5415.20 35379 53841 ? 11 13 0.68 0.35 69 0.59 C+ 4n,5n 
5410.91 36079 54555? 7 9 0.49 0.28 35 0.29 C+ 4n,5n 
5293.03 35379 ,54267? II 11 0.0011 4.8(-4) 0.091 -2.28 C 5n 
5321.11 35768 54555? 9 9 O.oIl 0.0047 0.75 -1.37 C 5n 

596. = :ICO - j:!F 5178.3 35690 51996 27 21 0.044 0.014 6.3 -0.43 C 5n 
'(1166) 

5178.80 35379 54683 11 9 0.0047 0.0015 0.29 -1.77 C 5n 
5164.55 35768 55125 9 7 0.018 0.0057 0,87 -1.29 C 5n 
5180.07 36079 55379 7 5 0.032 0.0092 1.1 -1.l9 C 5n 
5285.12 35768 54683 9 9 0.0071 0.0030 0.47 -1.57 C 5n 
5249.10 36079 55125 7 7 0.013 0.0056 0.67 -1.41 C 5n 
5373.71 36079 54683 7 9 0.042 0.023 2.9 -0.79 C 5n 

597~ y :IFo - e :!D 

(1l73) 

6843.67 36686 51294 9 7 0.028 O.DlS 3.1 -0.86 C 5n 
6858.16 37163 51740 7 5 0.029 0.015 2.3 -0.99 C 5n 
6885.77 37521 52040 5 3 0.023 0.0098 l.l -1.31 C 5n 

598. y :!FO - gaD 

(1174) 

6627.56 36686 51771 9 7 0.0053 0.0027 0.54 -1.61 C 5" 

6715.41 37163 52050 7 5 0.0080 0.0038 0.60 -1.57 C 5n 

599. X :IFo - g 5F 

(1175) 

5927.80 37521 54386 5 3 0.060 0.019 1.9 -1.02 C 5n 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 38S 
Fe J: Allowed transitions-Continued 

No: Multiplet A(A) f..:(cm- I
) Ek(cm- I

) gi g. A.iOO" S -I) t. S(at.u.) log gJ Accuracy Source 
.. 

600; y 3Fo _ h 5D 

(1176) 

6079.02 37521 53967 5 5 0.032 0.018 1.8 -1.05 C 5n 
5929,70 36686 53546 9 7 0.012 0.0051 0.89 -1.34 C 5n 

601. y 3Fo _ f5p . 

(l177) 

6093.66 37163 53569 7 5 0.013 0.0053 0.75 -1.43 C 5n 
6094.42 37521 53925 5 3 0.0081 0.0027 0.27 -1.87 C 5n 

602. y :IFo _ faG 

(1178) 

6024.-07 36686 53282 9 11 0.14 0.090 16 -0.09 D- 14n 
6020.17 37163 53769 7 9 0.12 0.082 11 -0.24 D- 14n 
5852.19 36686 53769 9 9 0.012 0.0061 l.l -1.26 C '5n 
5881.28 37163 54161 7 7 0.0047 0.0024 0.33 -1.77 C 5n 

603. y :lFO _ e 5H 

(1179) 

5816.36 36686 53874? 9 11 0.040 0.025 4.3 -'0.65 D~ 14n 
5855.13 37163 54237 7 9 0.0044 0.0029 0.39 -1.69 C 5n 
5696.10 36686 54237 9 9 0,0027 0.0013 0.23 -1.92 C 5n 

604. y :IFo - e ;Ie 
(1180) 

5930.17 37521 54379 5 7 0.17 0.13 12 -0.20 D- 14n 
5806.73 37163 54379 7 7 0.030 0.015 2.0 -0.98 C 5n 

605. y :'Fo - j:'D 
(1181) 

5905.67 37521 54449 5 3 0.12 0.038 3.7 -0.72 .C ·5n 

606. y :IFo _ e :!H 

(1182) 

5686.53 36686 54267? 9 11 0.045 0.027 . 4.5 -0.62 C 5n 
5747.95 37163 54555? 7 9 0.0098 0.0062 0.83 -1.36 C 5n 
5594.66 36686 54555? 9 9 0.035 0.016 2.7 -0.83 C 5n 

007. y "Fe - J:IF 
(1183) 

5554.89 36686 54683 9 9 0.093 0.043 7.1 -0.41 D- 14n 
5598.30 37521 55379 5 5 0.19 0.091 8.4 -0.34 D- 14n 
5421.85 36686 55125 9 7 0.0063 0.0022 0.35 -1.71 C 5n 
5705.99 37163 54683 7 9 0.069 0.043 5.7 -0.52 C 5n 
5679.02 37521 55125 5 7 0.042 0.028 2.6 -0.85 C 5n 

608. y :IFe _ e :lp 

(1184) 

5642.75 37163 54000 7 ::; 0.0037 0.0013 0.17 -2.05 C 5n 

609. y spo _ J1D 

(1187) 

7024.65 36767 50999 7 5 0.014 0.0072 1" .t. -1 .. '30 C 5Tl 

610. y Spe _ e 1e 

I 

(1191) 

6862.48 36767 51335 7 9 0.0050 0.0045 0.71 -1.50 C 5n 
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Fe I: Allowed transitions-Continued 

No. Multiplet >-.(A) f..:(cm-') f..~.(cm-I) g,. gt . Aki(lO" s-') f;k S(at. u.) log g{ Accuracy Source 

61l. y apc _ g r'D 

(1195) 

6841.35 37158 51771 5 7 0.037 0.036 4.1 -0.74 C 5n 
6828.61 37410 52050 3 5 0.040 0.047 3.2 -0.85 C 5n 
6752.72 37410 52214 3 3 0.025 0.017 I.l -1.29 C 5n 
6733.16 37410 52257 3 1 0.045 0.010 0.69 -1.51 C 5n 

612. y apc _ e ap 

(1197) 

6633.76 ·36767 51837 7 7 0.037 0.024 3.7 -0.77 C 5n 
6842.67 37410 52020 3 3 0.027 0.019 1.3 -1.25 C 5n 
6533.97 36767 52067 7 5 0.013 0.0058 0.88 -1.39 C 5n 
6BIO.2B 2715B 51937 5 7 0.019 0.019 2.0 -1.05 C 5n 

6820.43 37410 52067 3 5 0.016 0.019 1.3 -1.25 C 5n 

613. yapc _ faC 

(1201) 

5880.00 36767 53769 7 9 0.0029 0.0019 0.26 -1.87 C 5n 
5879.49 37158 54161 5 7 0.0023 0.0017 0.16 -2.07 C 5n 

614. y spo _ e sH 

(1202) 

5640.46 36767 54491 7 7 0.0066 0.0031 0.41 -1.66 C 5n 

615. yapc _ i aD 

(1206) 
I 

4749.95 36767 57814 7 7 0.023 0.0077 0.84 -1.27 C 5n 
4714.07 36767 57974 7 5 0.020 0.0048 0.53 -1.47 C 5n 

616. y5PC_4 

(1207) 

4661.53 36767 58213 7 5 0.039 0.0090 0.97 -1.20 C 5n 

617. d ;IF - u ;ICO 

(1225) 

6837.00 37046 51668 9 9 0.0029 0.0020 0.41 -1.74 C 5n 

618. d :IF - t :IC O 

(1234) 

5902.52 37046 53983 9 II 0.0032 0.0020 0.35 -1.74 C 5n 

619. d :IF - s :lCO 

(1240) 

5300.41 37046 55907 9 II 0.0045 0.0023 0.36 -1.68 C 5n 

620. d :'F - t :'Ho 

(1245) 

4253.55 37046 60549 9 11 0.025 0.0084 l.l -1.12 C Sn 

4203.67 36976 60758 7 9 0.088 0.030 2.9 -0.68 C 5n 

621. y :'Do _ g SF 

(1253) 

6569.23 38175 53394 7 9 0.067 0.056 8.4 -0.41 C 5n 

6597.61 38678 53831 5 7 0.022 0.020 2.2 -1.00 C 5n 

6495.78 38996 54386 3 3 0.071 0.045 2.9 -0.87 C 5n 
6364.38 38678 54386 5 3 0.024 0.0087 0.9] -1.30 C 5n 
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TRANSITION PROBABILITIES FOR IRON, COBAL T,AND NICKEL 387 
Fe I: Allowed,transitions-Contiriued 

'No. Multiplet A(A) f..:(cm- 1
) Edcm- 1

) gi g. A.l-i(lOS 5- 1) f;" S(at. u.) log gf Accuracy Source 

622. y 3Do _ h 5D 

(1254) 

6330.86 38175 53967 7 5 0.0071 0.0031 0.45 -1.67 C 5n 

-6~3. y 3Do _ f5p 

(1255) 

6713.76 38678 53569 .5 5 0.0087 0.0059 0.65 -1.53 C 5n 

624~ y :IDo - fOlD 

(1258) 

6419.98 38175 53748 7 7 0.14 0.084 12 -0.23 C 5n 
6496.46 38678 54067 5 5 0.087 0.055 5.9 -0.56 C 5n 
6469.21 38996 54449 3 3 0.092 0.058 3.7 ' -0.76 C 5n 
6338.90 38678 54449 5 3 0.057 0.020 2.1 -0.99 C 5n 
6634.10 38678 53748 .5 7 0.0095 0.0087 0;95 -1.36 C 5n 
6633.44 38996 ,54067 3 5 0.012 0.013 0.83 -1.42 C 5n 

625. y 3Do - f:lf 

(1259) 

6055.99 38175 54683 7 9 0.075 0.053 7.4 -0.43 D- 14n 
5898.21 38175 55125 7 7 ' 0.0048 0.0025 0.34 -1.76 C 5n 

626. y 3Do - e :Ip 

(1260) 

6170.49 38678 54880 5 5 0.14 0.078 7.9 -0.41 D- .14n 

627. x 5Do - i 5D 
(1281) 

5531.95 39626 57698 9 9 0.0070 0.0032 0.53 -1.54 C 5n 
5552.70 39970 57971 7 5 0.0052 0.0017 0.22 -1.92 C 5n 

628. x 5Do - 4 

(1282) 

5559.64 40231 58213 5 5 0.0075 0.0035 0.32 -1.76 C 5n 

629. x 5fo - i 5D 

(1313) 

5732.29 40257 '57698 11 9 0.0073 0.0029 0.61 -1.49 C 5n 
5805.76 40594 57814 9 7 0.0085 0.0034 0.58 -1.52 C 5n 

630. ',x r,t'O - g "G 

(1314) 

I 

5633.97 40257 58002 11 13 0.089 0.050 10 -0.26 C 5n 
5655.16 40642 58520? 7 9 0.054 0.033 4.4 -0.63 C 5n 

5650.71 41018 587l0? 5 7 0.038 0.026 2.4 -0.89 C 5n 
5650.01 41131 58825 3 5 0.059 0.047 2.6 -0.85 C 5n 
5549.66 40257 58271 ? 11 11' 0.0047 0.0022 0.44 -1.62 C 5n 

631. a IF - v IGO 6089.57 40534? 56951 7 9 0.023 0.017 2.4 -0.93 C 5n 
(1327) 

.• The:: lIurnbt:r in parentheses following the tabulated value Indicates the power of ten by which this value has to be multiplied. 
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Fe II 

Ground State 

Ionization Potential 16.183 eV = 130524 cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

2029.84 6 2666.63 35 
2041.35 6 

I 
2684.94 29 

2051.69 6 2712.39 29 
2296.66 14 2753.29 32 
2303.35 14 2879.24 36 
2369.23 19 2902.46 36 
2379.00 19 2910.76 36 
2388.39 7 2934.49 :i6 
2414.08 13 2997.75 40 
2433.50 13 3002.33 41 
2554.95 30 3044.84 41 
2559.77 30 3131.72 43 
2561.58 30 3162.80 45 
l:Jbl.:J4 j 3Hlb.74 .) 

2573.21 30 3187.29 45 
2585.88 1 3213.31 5 
2591.54 3 3277.35 2 
2592.78 44 3360.10 42 
2598.03 33 3938.29 4 
2598.37 1 4087.27 II 

2599.40 1 4122.64 II 
2607.09 1 4124.79 8 
2611.87 1 4128.74 10 
2613.82 1 4173.45 10 
2617.62 1 4178.86 II 
2621.67 I ) 4227.14 25 
2623.13 44 4233.17 10 
2625.49 44 4258.16 II 
2625.66 1 4303.17 10 
2628.29 1 4369.40 II 
2631.32 1 4385.38 10 
2664.67 

I 
35 4413.60 12 

For this spectrum, unlike that of Fe I, there is an extreme dearth 

of reliable f-value data. Recent advanced techniques have provided 
I"l:lt~ for rel:ltiVf~ly few line" Furthermore, due tn the IM'.k of appro

priate comparison data, the absolute scale of Fe II is not nearly as 

well established as that of Fe I . 

We chose the following experimental data sources for this com· 
pilation: work by Bridges L 1 J and Baschek et a1. L 3 J, who measured 
relative oscillator strengths in emission with wall-stabilized arc 
sources; Huber [2J, who employed the anomalous dispersion (hook) 

method; Wolnik et al. [4J, who used the shock tube-emission tech· 
nique; Smith and Whaling [5J, who determined absolute f-values by 
combining beam-foil lifetimes with branching ratios, obtained from a 
hollow cathode discharge; and f-value data derived from solar spec· 

tra, compiled by Blackwell et a1. [6 J and Phillips [7]. 
The most accurate set of relative oscillator strengths is probably 

that of Bridges. In his experiment, he measured all lines photo. 
electrically and accounted for effects of self-absorption. A calibrated 

J. Phys. Chern. Ref. Data, Vol. 10, No.2, 1981 

i 
I 

Wavelength (A) No. Wavelength (A) No. 

4416.82 10 5234.62 28 
4472.92 17 5264.81 27 

4489.19 17 5276.00 28 
4491.40 17 5284.10 21 
4515.:i4 17 5316.62 28 
4520.23 17 5325.56 28 

4522.63 18 5337.73 27 
4534.17 17 5362.87 27 
4541.52 I 18 5414.05 27 
4549.47 

I 
18 5425.25 28 

4555.89 17 5534.83 31 
4576.33 ! 18 5627.49 34 
4582.84 j 17 5991.37 26 
4~tljJjj 1tl bUH4.1U lb 

4595.68 18 6113.33 26 
4601.34 23 6147.77 39 
4620.51 18 6149.25 39 
4629.34 17 6239.91 39 
4656.97 23 6247.55 39 

4663.70 24 6369.46 20 

4666.75 17 6383.72 46 
4670.17 9 6416.92 39 

4923.93 22 6432.68 20 

4953.98 47 6446.40 48 

4993.35 16 6456.39 39 
5000.74 9 6516.08 20 

5018.45 22 7224.47 38 
5019.45 47 7301.56 37 

5132.66 15 7479.69 37 

5136.80 15 7515.79 38 

5169.00 22 7711.71 38 

5197.56 28 

tungsten strip lamp was used as a radiometric standard, and a 

predisperser served to reduce scattered light. He normalized his 
rebtivp. I"l:lt:l to an ah~ol11tp. ~cale hy using the phase-shift lifetime of 
the z 6D~l2level, as measured by Assousa and Smith [8]. As part of 

this normalizatiop, Bridges measured all of the principal downward 
decays from this level. The absolute data of ref. [1 J should generally 
be accurate to ± 25 percent except for the weakest lines. 

The lifetime data of Assousa and Smith appear to be quite reliable, 
and agree within ± 10 percent with the data of Brzozowski et al. 
[9J, who used the high frequency deflection technique. A further 
indication of the reliability of the Assousa and Smith data is obtained 
from the case of Fe I, where these lifetimes agree-within ± 
6.1 percent-with the precise laser-excitation lifetime measure

ments of Figger et a1. [10,11]' 
The data of refs. [2J, [3J, [4J, and [7J overlap with those of 

Bridges [1]. We have compared these four sources directly to ref. 
[1 J for subsequent normalization. A consistent absolute scale is 
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Ilhtained by multiplying the oscillator strengths of Baschek et a1. by 

II factor of I.AI, those of Huber by 0.52, those of Phillips by 1.56, 
lind those of Blackwellet a1. by 1.60. Ref. [6] did not share lines in 
{'ornmon with ref. [1]. In this case, we adjusted the log gf~values of 
Blackwell et al. to agree with the renormalized data of Baschek et 

ul.and Wolnik et al. (The data of W olnik. et al. required no renor
rnalization.) As a consistency check, we have compared the (incom
plete) inverse sums of our tabulated transition'" probabilities, 
for the doWnward transitions to the experimental lifetime of refs. [8J 
llud[9]. As the following table shows, the agreement is satisfactory. 

Lifetimes (i~ ns) of excited levels of Fe II 

Upper atomic level 

Z "D~/2 

Z "D~!2 

• Ref. [8]. 
I. Ref. [9J. 

Tk (experiment) 

3.9" 
4.01> 

(~;Ak;)-l 

(this compilation) 

< 5.8" 
< 4,9< 

"All measured downward transitions have been included. The indicated sums may 

tJequite incomplete. since for several of the significant transitions. no reliable data 

exist. This is especially true for the z . °Dfl2 upper level. where we have omitted the 
contribution of 0. blended rG!50ndllCe line;. 

The data of Smith and Whaling contain no lines in common with 

Bridges, as they all originate from high-lying levels. Nevertheless, we 
have included this reference because the bearri~foil lifetime
branching ratio technique has been shown to be quite accurate for 
other members of the iron group, i.e., Ti I, Fe I, and Ni I~ . 
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Fe II: Allowed.transitions 

No. Multiplet A(A) f..:(cm- l
) E,(cm- I

) gi gk AdIOS 5- 1) h I S(at. u.) log gf Accuracy Source 

1. ~ "D - z "DO 
(uv 1) 

2599.40 0.0 38459 10 10 2.22 0.225 19.3 0.352 C 1 
2611.87 384.8 38660 8 8 0.98 O.iO 6.9 -0.10 D 2n 
2617.62 667,7 38859 6 6 0.43 0.044 2.3 -0.58 0 2n 
2621.67 977.1 39109 2 2 '0.66 0.068 1.2 -0.87 0 2n 
2585.88 0.0 38660 10 8 0.71 0.057 4.9 -0.24 0 2n 
2598.37 384.8 38859 8 6 1.3 0.10 6.8 -0.10 C i 
2607.09 667.7 39013 6 4 1.5 0.10 5.1 -0.22 0 2n 
2613.82 862.6 39109 4 2 1.9 0.099 3.4 -0.40 0 2n 
2625.66 384.8 38459 8 10 0.34 0.044 3.0 -0.45 C 1 
2631.32. 667.7 38660 6 8 0.38 0.052 2.7 -0.51 0 2n 
2628.29 977.1 39013 2 4 0.77 0.16 2.8 -0.49 D 2n 

2. a 4D - z "DO 
.--

(1) 

3277.35 7955 38459 8 10 0.0023 4.6(-4)' 0.040 -2.43 D 1 

3. a 4D - z 4po 

(uv 64) 

2562.54 ·7955 46967 8 6 1.5 0.11 7:4 -0.06 () 211 
2591.54 8392 46967 6 6 0.52 0.052 2.7 -0.51 C 1 

4. a 4p - z "DO 
(3) 

3938.29 13474 38859 6 6 0.0028 6.5(-4) 0.051 -<!AI n 11/ 

5. a 4p - Z 400 

(6) I 
r 

3213.31 13673 44785 4 

I 

6 0.06:; 0.015 1!.o3 -1.22 C 1 
3186.74 ·13673 45044 4 4 O.O:W 0.0060 0.25 -1.62 C 1 
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390 FUHR ET AL. 
Fe II: Allowed transitions-Continued 

No. Multiplet A(t\) f.~(cm-I) f.~(cm-l) gi gk Aki (1OH S-I) j;k S(at. u.) log gf Accuracy Source 

6. a 2C - Y 2CO 

(uv 93) 

2041.35 15845 64832 10 10 0.46 0.029 1.9 -0.54 0 5 
2051.69 16369 65110 8 8 0.42 0.026 1.4 -0.67 0 5 
2029.84 15845 65110 10 8 0.076 0.0038 0.25 -1.43 0- 5 

7. a 2H - z 21° 
(uv 117) 

2388.39 20806 62662 10 12 0.14 0.014 1.1 -0.84 0 5 

8. a 20 - z 4Fo 

(22) 

4124.79 20517 44754 6 8 5.0(-5) 1.7(-5) 0.0014 -3.99 0- 6n 

9. b 4p - z °Fo 

(25) 

4670.17 20831 42237 6 8 3.0(-5) 1.3(-5) 0.0012 -4.11 E 3n 
5000.74 22410 42401 2 4 2.0(-5) 1.5(-5) 4.9(-4) -4.52 E 6n 

10. b 4p - Z 400 

(27) 

4233.17 20831 44447 6 8 0.0064 0.0023 0.19 -1.86 0 7n 
4416.82 22410 45044 2 4 0.0039 0.0023 0.067 -2.34 0 4 
4173.45 20831 44785 6 6 0.0022 5.7(-4) 0.047 -2.47 0 7ft 
4303.17 2181·2 45044 4 4 0.0061 0.0017 0.096 -2.17 0 7n 
4385.38 22410 45206 2 2 0.0059 0.0017 0.049 -2.47 0 7n 
4128.74 20831 45044 6 4 4.2(-4) 7.2(-5) 0.0059 -3.36 0- 7n 

11. II 4p - z 4Fo 

(28) 

4178.86 20831 44754 6 8 0.0012 4.3(-4) 0.035 -2.59 0 6n,7n 

4369.40 22410 45290 2 4 3.5(-4) 2.0(-4} 0.0058 -3.40 0- 7n 

4122.64 20831 45080 6 6 5.1(-4) 1.3(-4) 0.011 -3.11 0- 7n 
4258.16 21812 45290 4 4 9.2(-4) 2.5(-4) 0.014 -3.00 D- 7n 
4087.27 20831 45290 6 4 5.6(-5) 9.4(-6) 7.6(-4) -4.25 E 7n 

12. a 4H - z 4Fo 

(32) 

4413.60 21582 44233 10 10 7.5(-5) 2.2(-5) 0.0032 -3.66 0- 6n 

13. a 4H - z 21° 
(uv 164) 

2414.08 21252 62662 14 12 0.0094 7.0(-4) 0.078 -2.01 E 5 
2433.50 21582 62662 10 12 0.091 0.0097 0.78 -1.01 0 5 

14. a 4H _ Y 2CO 

(uv 167) 

2303.35 21430 64832 12 10 0.054 0.0036 0.33 -1.37 0- 5 
2296.66 21582 65110 10 8 0.037 0.0023 0.18 -1.63 0- 5 

15. i> 4F - z °Fo 

(35) 

5132.66 22637 42115 10 10 2.8(-5) 1.1(-5) 0.0019 -3.96 0- 6n 

5136.80 22939 42401 6 4 3.3(-5) 8.6(-6) 8.7(-4) -4.29 E 6n 
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Fe II: Allowed transitions~Continued 

No. Multiplet A(A) Ei(cm""l) A"k(cm- 1
) gi gk Aki (lOB 

S-I) fik S(at. u.) loggf Accuracy Source 

6. b 4F-z<>p<l 
(36) 

4993.3.5 22637 42658 10 8 7.0(-5) 2.1(-5) 0.0035 ~3.68 E 3n 

17_ b 4F_.:4Fo 1563.5 22807 11711 28 28 0.0021 7.1(-1) 0.31 -1.69 D 1,3n,6n,7n 

(37) 

4629;34 22637 44233 10 10 0.0013 4.3(:-4) 0.066 -2.37 D 1 
4555.89 22810 44754 8 8 0.0019 5.9(-4) 0.671 -2.33 D 6n;7n 
4515.34 22939 45080 6 6 0.0018 5.5(-4) 0.049 -2.48 b 1 
4491.40 23031 45290 4 4 0;0023 6.9(-4) 0.041 -2.56 D 6n,7n 

·4520.23 22637 44754 10 8 0.0010 2;5(-4) 0.037 -2.60 D I 
4489.19 22810 45080 8 6 6,6(-4) 1.5(-4) 0.018 -2.92 D 7n 
4472.92 22939 45290 6 4 3A( -4) 6.7(-5) 0.0059 -3.40 D- 7n 
4666.75 22810 _ 44233 8 10 1.4(-4) 5.6(-5) 0.0069 -3.35 D- 7n 

: 4582';84 22939 44754 6 8 3.3(-4) 1.4(-4) O.oI3 -3.08 D 3n 
4534.17 23031 45080 4 6 2.4(-4) 1.1(-4) 0.0066 -'-3.36 D 3n 

18. b 4F - z 4Do 
(38) 

4!:>H3.H3 :l~()37 44447 10 H 0.0063 0.00159 0.240 -1.80 C 1 
4549.47 22810 44785 8 6 1).0018 4.2(-4) 0.050 -2.47 D 7~ 
4522.63 22939 45044 6 4 0.0064 0.0013 0.12 -2.11 D 4 
4620;51 22810 44447 ·8 8 1.8(-4) 5.9(-5) 0.0072 -3.33 E 3n 
4576.33 _22939 44785 6 6 5.7(-4) 1.8(-4) 0.016 -2.97 D 3n 
4541.52 23031 45044 4 4 0.0022 6.8(-4) 0.041 -2.57 D 4 
4595.68 23031 447?5 4 6 2.5(-5) 1.2(-5) 7.3(-4) -4.32 E 7n 

19. b 4F i 2CO 

(uv 182) 

2369.23 22637 64832 10 10 0.026 0.0022 0.17 -1.66 D 5 
2379.00 22810 64832 8 10 0.064 0.0068 0.43 -1.27 D 5 

20. a "s - z bDo 
(40) 

~ 

6516.08 23318 . 38660 6 8 1.5(-4) 1.3(-4) 0.017 -3.11 D- 6n,7n 
6432.68 23318 38859 6 6 8.9('-:5) 5.5(-5) 0.0070 -3.48 D- .6n,7n 
6369.46 23318 39013 6 4 3.9(-:-5) 1.6(-5) 0.0020 -4.02· E 6n~7n 

21. a oS ~ z fiFO 

(41) 

5284.10 23318 _ 42237 6 8 3.9(-4) 2.2(-4) 0.023 -2.88 D 6n,7n 

22. a oS - z cpo 5062,4 23318 43066 6 18 0.020 0~O23 2.3 -0.86 C- 1,7n 
(42) 

5169.00 23318 42658 6 8 0.01l 0.0057 0.58 -1.47 D 7n 
5018.45 23318 43239 6 6 0.026 0.010 0.99 -1.22 C I 
4923.93 23318 43621 6 4 0.030 - 0.0073 0.71 -1.36 C 1 

23. a oS - z 4Do 
(43) 

4656.97 23318 44785 6 6 1.2(-4) 3.8(-5) 0.Om5 -3.64 E 3" 
4001.34 23316 45044 0 4 3.4(-5) 7.Z(-O) 0.5(-1) --4.3h I'; -III 

24. a bS - z 4Fo 
(44) 

4663.70 23318 44754 6 8 5.8(-5) 2.5(-5) 0.0023 -3.82 D- ( 7n 
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Fe II: Allowed transitions-Continued 

No. Multiplet X(A) f..~(cm-I) Edcm- I) gi gk Aki (1OB S-I) fik S(at. u.) log gf Accuracy Source 

25. a I>S - Z 4pO 

(45) 

4227.14 23318 46967 6 6 3.1(-4) 8.4(-5) 0.0070 -3.30 D- 7n 

26. a 4C-z"Fo 
(46) 

5991.37 25429 42115 12 10 5.4(-5) 2.4(-5) 0.0057 -3.54 0- 6n 
6084.10 25805 42237 10 8 3.8(-5) 1.7(-5) 0.0034 -3.77 0- 6n 
6113.33 25982 42335 8 6 2.3(-5) 9.8(-6) 0.0016 -4.11 E 6n 

27. a 4C ~ Z 40° 

(48) 

5362.87 25805 44447 10 8 0.0014 4.7(-4) 0.083 -2.33 0 7n 
5264.81 26055 45044 6 4 6.5(-4) 1.8(-4) 0.019 -2.97 0 6n,7n 
5414.05 25982 44447 8 8 1.5(-4) 6.6(-5) 0.0094 -3.28 0- 6n,7n 
5337.73 26055 44785 6 6 1.9(-4) 8.2(-5) 0.0086 -3.31 D- 7n 

28. a 4C - z 4Fo 

(49) 

5316.62 25429 44233 12 10 0.0045 0.0016 0.34 -1.72 0 4 
5276.00 25805 44754 10 8 0.0033 0.0011 0.19 -1.96 0 4 
5234.62 25982 45080 8 6 0.0032 0.0010 0.14 -2.10 0 7n 
5197.56 26055 45290 6 4 0.0041 0.0011 0.11 -2.18 0 7n 
5425.25 25805 44233 10 10 2.2(-4) 9.5(-5) 0.017 -3.02 0- 6n,7n 
5325.56 25982 44754 8 8 2.8(-4) 1.2(-4) 0.017 -3.02 0- 6n,7n 

29. a 4C - z 21° 
(uv 201) 

2712.39 25805 62662 10 12 0.11 0.015 1.3 -0.84 D+ 5 
2684.94 25429 62662 12 12 0.0043 4.6(-4) 0.049 -2.25 0 5 

30. a 4C - Y 2CO 

(uv 205) 

2561.58 25805 64832 10 10 0.0081 8.0(-4) 0.067 -'2.10 D- 5 

2554.95 25982 65110 8 8 0.019 0.0019 0.13 -1.83 D 5 

2573.21 25982 64832 8 10 0.11 0.014 0.93 -0.96 0 5 
2559.77 26055 65110 6 8 0.22 0.029 1.5 -0.76 0+ 5 

31. b 2H - z 4Fo 

(55) 

5534.83 26170 44233 12 10 5.2(-4) 2.0(-4) 0.044 -2.62 0 6n,7n 

32. II 2H - z 2)0 

(uv 235) 

2753.29 26353 62662 10 12 l.71 0.233 21.1 0.368 C 5 

33. b 2H - Y 2CO 

(uv 239) 

2598.03 26353 64832 10 10 0.020 0.0020 0.17 -1.69 D 5 

34. a 2F - z 4Fo 

~57J 

5627.49 2731.5 45080 8 6 2.4(-5) 8.7(-6) 0.0013 -4.16 E 6n 
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Fe II: Allowed transitions~Continued 

No; Multiplet A(A) f..~(cm-I) Ek{cm- l ) gi gk Ak ; (l0· s -l) h S(at. u.) log gf Accuracy Source 

35. a 2r_y 2GO 

(uv 263) 

2664.67 27315 64832 8 10 1.50 0.200 14.0 0;203 C 5 
2666.63 27620 65110 6 8 1.62 0.230 12.1 0.140 C 5 

36. b 2C _ Y 2GO 2906.1 30556 64956 18 18 0.043 0.0055 0.94 -1.01 D 5 
(uv 278) 

2902.46 30389 64832 10 10 0.038 0.0048 0.46 -1.32 0 5 
2910.76 30764 65110 8 8 0.0055 7.0(-4) 0.054 -2.25 ,D 5 
2879.24 30389 65110 10 8 0.029 0.0029 0.27 -1,.54 0+ 5 
2934.49 30764 64832 8 10 0.013 0.0021 0.16 -l.78 E 5 

37; b 40 -z 4Fo 

(72) 

7479:69 31388 44754 6 8 3.1(-5) 3.5(-5) 0.0052 -3.68 D- 6n 
7301.56 31388 45080 6 6 4.4(~5) 3.5(-5) 0.0050 -3.68 0- 6n 

38. b 40 - Z 40° 

(73) 

7711.71 31483 44447 8 8 4.0(-4) 3.6(-4) 0.073 -2.54 0 6n 
7224.47 31368 45206 2 2 4.1(-4) 3.2(-4) O.oI5 -3.19 0- 6n 
7515.79 31483 44785 8 6 6.6(-5) 4.2(-5) 0.0083 -3.47 0- 6n 

39. b 40 - Z 4pO 

(74) 

6456.39 31483 46967 ' 8 6 0.0021 0.0010 0.17 -2.10 D 6n,7n 
6247.55 31388 47390 6 4 0.0023 9.1(-'-4) 0.11 -2.26 D 6n,7n 
6147.77 31364 47626 4 2 0.0022 6.2(-4) 0.050 -2.61 D 7n 
6416.92 31388 46967 6 6 9;2(-4) 5.7(-4) 0.072 ~2.47 D 6n,7n 
6149.25 31368 47626 2 2 0.0021 0.0012 0.049 -2.62 0' 6n,7n 
6239.91 31368 47390 2 4 1.9(-4) 2.2(-4) 0~0090 -3.36 D- 7n 

4-0. b 4D _ Y 2GO 

(uv 292) 

2997.75 31483 64832 8 10 0.0048 8.1(-4) 0.064 -2.19 E 5 

41. b 2r _ y 2CO 

(98) 

3044.84 31999 64832 8 10 0.01l 0.0019 0.15 -1.82 D 5 
3002.33 31812 65110 6 8 0.018 0.0032 0.19 -1.71 0+ 5 

42. a 21 - z 21° 
(l05) 

3360.10 32910 62662 12 12 0.0084 0.0014 0.19 -1.77 0 5 

43. a 21 - Y 2CO 
(107) 

3131.72 32910 ' 64832 12 10 0.012 0.0015 0.18 -1.75 J) S 

44. a 21 - z 2Ko 2607.9 32892 71225 26 30 2.2 0.26 58 O.R:{ C :) 

(uv 318) 

2592.78 32876 71433 14 16 2.25 0.259 :H.O 0.56 C 5 
2625.49 32910 70987 12 14 2.04 0.246 25.S 0.470 C 5 
2623.13 32876 70987 14 14 0.092 O.OO<J5 1.1 -0.88 0+ 5 
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Ft· II: Allowed transitions-Continued 

~ .. 

\ .. \1111111'11'1 I A(A) /'" (cm" ') f-~ (cm~ I) gi gk AI.(lO" S-I) fk 5 (at. u.) log gf Accuracy Source 

4~I, (' 'C J '!CO 

(120) 

3187.29 33466 64832 10 10 0.028 0.0043 0.45 -1.37 D+ 5 
3162.80 33501 65110 8 8 0.042 0.0063 0.52 - -1.30 D+ 5 

46. z 4Do - c ~D 

6383.72 44785 60445 6 6 0.0023 0.0014 0.18 -2.08 D 6n 

47. c 2F _ Y 2GO 

(168) 

5019.45 44915 64832 8 10 0.0015 7.1(-4) 0.094 -2.25 D- 5 
4953.96 44930 65110 (i 6 0,00l() 7.a(-4) 0.077 -2.33 D- 5 

48. (. 4F - x 4GO 

(199) 

6446.40 50188 65696 8 10 0.0018 0.0014 0.24 -1.95 D 6n 

" The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Fe III 

Ground State 

Ionization Potential 30.651 eV = 247221 cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

1843.4 15 1930.39 2 
1844.3 15 1931.51 3 
1845.0 15 1937.35 2 
1846.9 15 1943.48 2 
1849.41 11 1945.34- 3 
1854.38 11 1950.33 13 
1865.20. 17 1951.01 6 
1893.98 10 1951.3 6 
1896.80 10 1952.3 6 
1898.9 7 1952.65 6 
1903.3 7 1953.32 6 
1904.3 19 1953.5 6 
1907.58 10 1954.22 3 
1915.08 2 1954.98 13 
1922.79 2 1959.32 3 

For this spectrum we have chosen the calculations of Biemont [1] 
and of Kurucz and Peytremann [2]. Biemon:t obtained radial wave
runchons by means ot the scaled Thomas-fermi method and calcu
lated individual line strengths in intermediate coupling. Similarly, 

Kunwz and Peytremann used a semiempirical scaled Thomas
FNIlIj.J)iruc IIppro1\l:h with very limited configuration interaction. 

C'\W't fllh, Ih" I Of!, f{/'\,ldw'" of rds. f Illlnd [2J are in quite good 

;J,J'ttYt, 1:;'h"n~. 'hif, Onto, VOt. 10/ No. 1/ 1981 

Wavelength (A) No. Wavelength (A) No. 

1961.23 3 2058.2 9 
1962.72 3 2058.56 12 
1964.26 3 2059.68 9 
1966.20 3 2061.75 9 
1987.50 1 2084.97 8 

1991.61 1 2087.13 8 
1994.07 1 2087.91 8 

1995.27 1 2088.63 5 
1995.56 1 2089.09 8 

1996.42 1 2090.1 8 

2002.5 18 2090.14 5 
2039.51 14 2091.31 8 
2053.5 9 2097.48 5 

2057.06 9 2103.80 4 

2057.9 16 2107.32 4 

agreement, particularly for strong lines; e.g., 68% of the data for 

common lines agree within ± 50%. In this compilation, we have 
included only those lines showing 5U% or better agreement between 
refs. [1] and [2]. 

We were able to assess the reliability of Kurucz and Peytremann's 
(or Biemont's) absolute scale by comparing the calculated inverse 

transition probability sums With beam-{oilli{etimes for four excited 
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levels measured by Andersen et al. [3].W e considered only ref. [2] 
,fotfhls study because its branching ratio data were more complete 
than·those of Biemont. The comparison shows that the beam-foil 
lifetimes are, on the average, only ·14% longer than the correspond. 

19 inverse sums of Kurucz and Peytremamt 
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Fe ill: Allowed transitions· 

No. Multiplet A(A) ~:(cm-I) Ek(cm- I
) g; g,. Ak;(IO· 5-

1
) Iik 5 (at. ~;) log gf Accuracy . Source 

1. Sc _ sCo 

(uv 50) 

1987~50 63425 lli740 13 ]3 4.9 0.29 25 0.58 D' 1,2 
1991.61 63466 113677 11 11 4;2 0.25 18 0.44 D 1,2 
1994.07 63487 . 113635 9 9 3.5 0.21 12 0.28 D 1,2 
1995.56 63494 113605 7 7 3.7 0.22 10 0.19 [) 1,2 
19%.42 63495 113584 5 5 4.2 0.25 8.2 0.10 [) 1,2 
1995.27 63487 113605 9 7 1.0 0.048 2.8 -0.36 D 1,2 
1996,42 63494 113S84 7 5 0.96 0.041 1.9 -0.54 D 1,2 

2. Sc _ sHo 

(tiv 51) 

1915.08 63425 115642 13 15. 6.0 0.38 31 0.69 D 1,2 
1922.79 63466 115474 II 13 5.5 0.36 25 0.60 D 1,2 
1930.39 63487 115290 . 9 11 5.1 0.35 20 0.50 D 1,2 
1937.35 63494 115111 7 9 5.1 037 17 0.41 D 1,2 
1943.48 63495 114949 5 7 5.0 0.40 13 0.30 D 1,2 

3 .. 5[) _ 5Fo 

(uv (1) 

1931.51 69696 121469 9 11 5.3 0.36 21 0.51 [) 1,2. 
1945.34 69837 121242 7 9 3.7 0.27 12 0.28" D 1,2 
1954.22 69838 121009 5 7 3.5 0.28 9.0 0.15 D 1,2 
1959.32 69788 120826 3 5 2.8 0.27 5.2 -0.09 D 1,2 
1962.72 69747 120697 1 3 2.3 0.39 2.5 -0.41 D 1,2 
1954.22 69837 . 121009 7 7 1.3 0.074 3;3 -0.29 D 1,2 
1961.23 69838 120826 5 5 1.7 0.10 3.2 0.30 D 1,2 
1964.26 69788 120697 3 3 2.2 0.13 2.5 -0.42 D 1,2 
1966.20 69838 120697 5 3 0.28 0.0099 0.32 -l.31 D 1,2 

4. - :iC _ .1Fo 

(uv 66) 

2103.80 70729 118247 9 7 2.9 0.15 9.3 0.13 D 1,2 
2107.32 70725 118164 7 5 3.8 0.18 8.7 0.10 D 1,2 

5. :iC_ :iHo 

(uv 67j 

2097.48 70694 118355 11 13 4.5 0.35 27 0.59 D 1,2 
2090.14 70729 118557 9 11 4.4 0.35 22 0.50 D 1,2 
2088.63 70694 118557 11 11 0.17 o.on 0.83 -0.92 D 1,2 

6. :iC _ :iCO 

(uv 68) 

. 1951.01 70094 121950 11 11 5.3 0.30 21 0.52 D 1,2 

1952.65 70729 121941 9 9 4.9 0.28 16 0.40 D 1,2 
1953.32 70725 121920 7. 7 5.1 0.29 la 0.31 D 1,2 

[1951.3] 70694 121941 II 9 0.34 0.016 l.l -0.75 [) 1,2 
[1953.5] 70729 121920 9 7 OAO 0.018 

I 
1.0 -0.79 D 1,2 

1952.3 70729 121950 9 11 0.20 0.014 0.81 -0.90 D 1,2 
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Fe Ill: Allowed transitions-Continued 

1\0, Multiplet A(A) f..'i(cm- I
) ~~(cm-I) gi g! A!i(l08 5 -

1
) j;! 5 (at. u.) log gf Accuracy Source 

7. :ip _ :iSO 

[1898.9J 73728 126391 5 3 3.7 0.12 3.8 -0.22 D 1,2 
[1903.3J 73849 126391 3 3 1.8 0.099 1.9 -0.53 D 1,2 

8. :iD _ :iDo 

(uv 77) 

2087.13 76957 124854 7 7 3.1 0.20 9.6 0.15 0 1,2 
2091.31 77102 124904 5 5 2.6 0.17 5.9 -0.07 D 1,2 
2087.91 77075 124955 3 3 2.9 0.19 3.9 -0.24 D 1,2 
2084.97 76957 124904 7 5 0.75 0.035 1.7 -0.61 0 1,2 
2089.09 77102 124955 5 3 1.1 0.043 1.5 -0.67 D 1,2 

[2090.1J 77075 124904 3 5 0.64 0.070 1.4 -0.68 D 1,2 

9. "0 - "Fo 

(uv 78) 

2061.75 76957 125444 7 9 4.4 0.36 17 0.40 D 1,2 
2059.68 77102 125638 5 7 3.9 0.35 12 0.24 D 1,2 
2057.06 77075 125673 3 5 3.7 0.39 7.9 0.07 D 1,2 

[2053.5J 76957 125638 7 7 0.44 0.028 1.3 -0.71 D 1,2 
[2058.2] 77102 125673 5 5 0.76 0.048 1.6 -0.62 0 1,2 

10. :iI _ :iHo 

(uv 83) 

1907.58 79840 132263 15 13 5.3 0.25 24 0.57 0 1,2 
1896.80 79845 132565 13 II 5.0 0.23 19 0.48 D 1,2 
1893.98 79860 132659 11 9 5.5 0.24 16 0.42 0 1,2 

11. "F - "0° 
(uv I)") 

1849.41 83138 137210 11 9 4.3 0.18 12 0.30 0 1,2 
1854.38 83647 137573 3 1 5.7 0.098 1.8 -0.53 0 1,2 

12. II _ IKo 2058.56 83430 131992 13 15 4.5 0.33 29 0.63 0 1.2 
(uv 100) 

I;}. :iH _ :110 

(uv 116) 

1950.33 88923 140196 13 IS 5.5 0.36 30 0.67 0 1,2 
1954.98 88695 139846 11 13 4.3 0.29 21 0.50 0 1,2 

14. IH _ 110 2039.51 92524 141540 11 13 4.3 0.32 24 0.55 0 1,2 
(uv 134) 

15. :iF _ :iDo 

[1843.4J 93389 147636 9 7 4.8 0.19 10 0.23 0 1.2 
[1844.3J 93392 147615 7 5 4.9 0.18 7.7 0.10 0 1,2 
fi846.91 93413 147556 5 3 5.5 0.17 5.2 -0.07 0 1,2 
[1845.0J 93413 147615 5 5 0.78 0.040 L2 -0.70 D 1.2 

'16. IF _ '00 [2057.9] 97041 145618 7 5 3.7 0.17 8.1 0.08 0 1,2 

17. 'F - 'Fo 1865.20 97041 150655 7 7 6.1 0.32 14 0.35 0 1,2 
(uv 154) 

18. 'D - 'Fo [2002.5J 109571 159493 5 7 4.3 0:36 12 0.26 0 1,2 

19. 'I) - '1)0 [1904.3J 109571 162085 5 5 5.7 0.31 9.7 0.19 0 1,2 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

Fevil 

397 

Ground State 

Ionization Potential [126] eV = [1016000] cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A.) No. 

150.19 18 153.74 24 

150.28 17 154.04 23 

150.40 18 154.21 23 

150.52 18 154.27 29 

150.81 16 154.30 29 

150.85 16 154.33 22 

'151.02 16 154.36 29 
151.04 16 154.45 29 

15Ll4 16 154.56 . 29 

151.49 15 154.65 29 

151.51 15 154.70 21 
1S1.67 IS 154.2S 28 

151.75 15 154.89 20 

151.78 15 154.92 28 

151.97 15 154.95 28 
152.07 14 I 155.12 28 
152.91 25 

I 
155.24 27 

153.66 24 155.41 26 
I 

For this ion we have selected the data of Warner and Kirkpatrick 
[1], who used the single configuration scaled Thomas-Fermi approxi
mation aIid calculated individual line strengths in intermediate coup
ling. These authors provided data for a large number of transitions 
within the 3d2-3d4p, 3d 2-3d4J, and 3d4s-3d4p arrays. Of 
we have tabulated only those lines that have actually been observed, 
either by Edl{m [2], as listed in the compilation of Kelly and Pa
lumho[3], or by Cady [4J. 

It is expected that for this relatively simple, essentially two
electron spectrum Warner and Kirkpatrick's data should be fairly 
reliable (except when configuration interaction effects become ap
preciahle). This conjecture seems to be supported by the good 
agreement between their calculated data and beam-foil lifetimes 

Wavelength (A) No. Wavelength (A.) No. 

155.55 19 

I 

236.78 (; 
155.99 32 236.87 12 
158.16 31 238.04 5 

158.48 30 238.39 '5 

165.08 34 239.73 0 
166.63 33 239,85 II 
231.04 3 240.05 n 
231:64 ;) 24Q.06 II 

231.73 3 240.22 11 
232.26 3 240.57 11 

232.44 3 243.37 13 
23.2.95 3 244.09 10 

233.02 3 244.52 10 
233.76 2 244.54 10 

234.34 2 245.15 4 
234.75 7 245.49 9 
235.66 1 246.01 9 

236.39· 12 247.46 8 

available for Ti III (see, for. example, ref. [5)), an ion which. is 
isoelectronic with Fe VII. 

References 
[1.] Warner, B., and Kirkpatrick, R., Publications of the Department of Astronomy, 

University of Texas at Austin, Vol. 3, No.2 (1969) and Mon. Not. R. Astron. 

Soc. 144,397 (1969). 
[2] Edlim, B., private communication. 

[3J Kelly, R. L., and Palumbo, L. J., Atomic and Ionic t-"mission Unes Below 2000 
Angstroms-Hydrogen through Krypton, Naval Research Laboratory Re

port 7599 (June 1973). 

[4J Cady, W. M .• Phys. Rev. 43, 322 (1933). 

[5J Wiese, W. L., and Fuhr, J. R., J. Phys. Chern. Ref. Data 4,263 (1975). 

Fe VI!: Allowed transitions 

No. 
Tran<;ition 

Multiplet i\(A) t~(cm-') Edcm- l
) AdlO"s-l) j;k S(at.u.) log gf 

Accu. 
Source 

array 
gi g. 

racy 

I. 3d2:-3d4p :iF _ IDo 

235.66 1047 425388 7 5 0.37 2.2(-4)' 0.0012 -2.81 Eo I 

2. ;lr _ ;IDo 

234.34 1047 427780 7 5 I I JO 0.007 U.36 -0.33 D I 

233.76 0 427780 S 51 :~4 0.028 O.ll -0.86 D 1 

J.Phvs. Chem. Ref. Data, Vol. 10, No.2, 1981 



398 FUHR ET AL. 

Fe VII: Allowed transitions-Continued 

~'-.~'-'-

No. 
Transition 

Multiplet A(A) f..'i(cm- 1
) f:t(cm- 1) •• j A,,(108s- 1) f,k S(at.u.) log gf 

Accu-
g; Source 

array racy 

3. 3F - :IFo 232.07 1346 432245 21 21 73 0.059 0.95 0.09 D 1 

231.73 2327 433870 9 9 60 0.049 0.33 -0.36 D 1 
232.26 1047 431606 7 7 21 0.017 0.092 -0.92 D 1 
232.44 0 430215 5 5 21 0.017 0.065 -1.07 D 1 
232.95 2327 431606 9 7 67 0.042 0.29 -0.42 0 1 
233.02 1047 430215 7 5 46 0.027 0.14 -0.73 D 1 
231.04 1047 433870 7 9 4.1 0.0042 0.022 -1.53 E 1 
231.64 0 431606 5 7 2.8 0.0032 0.012 -1.80 E 1 

4. 10 - IDo 245.15 17475 425388 5 5 70 0.063 0.26 -0.50 D 1 

5. ID _ :lpO 

238.04 17475 437567 5 5 0.98 8.3(-4) 0.0033 -2.38 E 1 
238.39 17475 436963 5 3 18 0.0094 0.037 -1.33 D 1 

6. ID - IFo 236.78 17475 439812 5 7 6.8 0.0080 0.031 -1.40 D 1 

7. ID _ Ipo 234.75 17475 443455 5 3 86 0.043 0.17 -0.67 D 1 

8. :Ip _ IDo 

247.46 21275 425388 5 5 0.51 4.7(-4) 0.0019 -2.63 E 1 

9. :Ip _ :IDo 

245.49 20428 427780 3 5 23 0.035 0.085 -0.98 D I 
246.01 21275 427780 5 5 1.9 0.0017 0.0069 -2.07 E 1 

10. :Ip _ :IFo 

244.09 21275 431606 5 7 5.5 0.0069 0.028 -1.46 D 1 
244.52 20428 430215 3 5 1.9 0.0028 0.0069 -2.07 t: J 

244.54 21275 430215 5 5 0.024 2.2(-5) 8.8(-5) -3.96 E 1 

II. :Ip _ :Ipo 210.13 20855 437304 9 9 120 0.11 0.75 -0.02 D I 

240.22 21275 437567 5 5 100 0.087 0.35 -0.36 0 1 
240.08 20428 436963 3 3 35 0.030 0.072 -1.04 D 1 
240.57 21275 436963 5 3 40 0.021 0.083 -0.98 D I 
240.05 20428 437010 3 1 130 0.037 0.089 -0.% D 1 

239.73 20428 437567 3 5 25 0.037 0.087 -0.96 0 1 
239.85 20037 436963 I 3 34. 0.089 0.070 -1.05 0 1 

12. :Ip _ Ipo 

236.87 21275 443455 5 3 18 0.0091 0.036 -1.34 D 1 
236.39 20428 443455 3 3 1.2 0.0010 0.0024 -2.52 E 1 

13. Ie - IFo 243.37 28915 439812 9 7 210 0.15 1.1 0.12 D 1 

14. 3d2-3d4f :IF _ Ico 

152.07 2327 659923 9 9 49 0.017 0.076 -0.82 0 1 

15. 3F _ :IFo 

151.78 2327 661176 9 9 170 0.058 0.26 -0.28 D 1 

151.67 1047 660360 7 7 390 0.13 0.47 -0.03 i) 1 
151.51 0 660022 5 5 530 0.18 0.45 -0.04 0 I 
ISI.97 2327 660360 9 7 29 0.0077 0.035 -1.16 D 1 
1 Sl.7S 1047 660022 7 5 50 U.U12 U.U44 -1.06 D 1 

1;) 1.11) 1047 661176 7 9 200 0.088 0.31 -0.21 D I 
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TRANSITION PROBABIL-ITIESFOR IRON; COBALT, AND -NICKEL 399 
Fe VlI: Anowedtrarisitions~Continued 

Transition 

I -Multiplet X(A) E;{cm- ' ) Edcm- 1) Aki(lOBS-l) jk S(at;u.) log gf 
Accu· 

Source No; gi gk 
array racy 

16. -3F _ 3GO 

151.02 2327 664483 9 11 1600 0.67 3.0 0.78 0 1 
150.85 1047 663953 7 9 1300 0.58 2.0 0.61 0 1 
150.81 0 663104 5 7 1300 0.62 1.5 0.49 0 1 
151.14 2327 663953 9 9 210 0.072 0.32 -0.11} U 1 

15L04 1047 I 663104 7 7 220 0.077 0.27 -0.27 0 1 

17. 3F _ 'Fo 

150.28 0 665425 5 7 220 0.10 0.25 -0.79 0 1 

18. 3F _ :iOO 

150.52 2327 666663 9 7 68 0.018 0.080 -0.79 D 1 
150.40 1047 665925 7 5 73 0.018 0.061 -0.91 D 1 
150;19 0 665843 5 -3 75 0.015 0.038 -1.12 D I 

19. ID _ :iFo 

155.55 17475 660360 5 7 13 0.0066 0.017 -:-1.48 D 1 

20. ID _ :iCO 

154~89 17475 663104 5 7 83 0.042 0.11 -0.68 D 1 

21. ID ___ Ibo 154,70 17475 663882 5 5 700 0.25 0.64 0.10 D 1 

22. 'D-- tFo 154.33 17475 665425 5 7 1200 0.58 0.46 D 1 

23. 'a) - "DO 

154.04 17475 666663 5 7 44 0.022 0.056 -:-0.96 D 1 
154.21 17475 665925 5 5 _24 0.0087 0.022 -1.36 D 1 

24. '0 _ 3po 

153.74 17475 667903 5 5 15 0.0053 0.013 -1.58 E 1 
153.66 17475 668265 5 3 39 0.0083 0.021 -1.38 D J 

25. ID _ IpO 152.91 17475 671470 5 3 110 0.022 0.056 -0.95 D I 

26. 3p_ IDo 

155.41 20428 663882 3 5 30 0.018 0.028 -1.26 0 1 

27. 3p _ IFo --

155.24 21275 665425 5 7 17 0.0085 0.022 -1.31 D 1 

28. :Ip _ aDo 

154.95 21275 666663 5 7 1000 0.53 1.3 0.42 D 1 
154.92 20428 665925 3 5 970 0.58 0.89 0.24 D 1 
154.85 20037 665843 1 3 770 0.83 0.42 -0.08 D 1 
155.12 21275 665925 5 5 8.2 0.0030 0.0076 '-1.83 E 1 

29. 3p _ .1pO 154.50 20855 668090 9 9 850 0.31 1.1 0.44 D 1 

154.65 21275 667903 5 5 880 0.:-\2 0.8\ 0.20 D I 
154.36 20428 668265 3 ;\ 420 0.15 0.23 -o.as D I 
154.56 21275 668265 5 3 350 0.076 0.19 -0.42 D 1 
154.30 20428 668497 3 I 890 O.ll 0.16 -0.50 D 1 
154.45 20428 667903 .3 5 1.5 1 8.8(-4) 0.0013 -2.58 E I 
154.27 20037 668265 1 3 81 10.087 0.044 -1.06 D I 
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Fe VII: Allowed transitions-Continued 

---_ ..... .,.----... -.. 

No. 
Trallsition 

Multiplet A(A) f,:(cm- I) Ek(cm- I) Ad108s- l ) Jt 5 (at.u.) log gf 
Accu· 

Source 
array 

gi g. 
racy 

30. Ie _ leo 158.48 28915 659923 9 9 230 0.086 0.40 -0.11 0 1 

31. Ie _ aro 

158.16 28915 661176 9 9 8.9 0.0034 0.016 -1.52 E 1 

32. Ie _ IHo 155.99 28915 669978 9 11 1800 0.80 3.7 0.86 0 I 

33. IS _ aOo 

166.63 65707 665843 I 3 14 O.oI 7 0.0095 -1.76 E 1 

34. IS _ IpO 165.08 65707 671470 1 3 690 0.85 0.46 -0.07 0 1 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Fe VIII 

Ground State 

Ionization Potential 151.06 eV = 1218400 cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

98.39 8 112.49 5 
98.58 8 112.57 7 

112.26 5 Il2.70 5 
112.27 7 112.81 7 
112.29 6 112.83 4 
112.47 5 112.93 6 

For this potassium-like ion, we have compiled oscillator strengths 
taken from Cowan [lJ, who performed Hartree-Fock-Slater calcu
lations in intermediate coupling. Biemont [2J has applied a single 
configuration Hartree-Fock approximation to the calculation of mul
tiplet oscillator strengths for transitions of the type ns -n' p and 
np-n'd, where n,n' = 4,5,6,7, and 8. We have not tabulated 
material, however, because of the strong possibility of configuration 
interaction of these single-valence-electron states with configura
tions of the type 3p53d 2

, 3pa3dns, 3p53dnp, etc.; e.g., the 
~p5epO)~d2ep) 2po state r.an mix strongly with the ~p64p 2po 

state. 

J. Phvs. Chern. Ref. Data, Vol. 10, No.2, 1981 

Wavelength (A) No. Wavelength (A) No. 

114.29 4 117.65 2 
114.56 4 118.28 2 

116.18 3 118.63 1 
116.43 3 118.89 1 

117.18 3 119.37 1 

A third reference providing/-value data on this spectrum is that 
by Czyzak and Krueger [3]. These authors calculated radial wave
functions by the Hartree-Fock self-consistent field method and used 
LS coupling to provide individual line strengths. Because of inter
mediate coupling effects found by Cowan, however, we did not 
tabulate the data of ref. [3]. 

References 

[1J Cowan, R. D., Astrophys. J. 147,377 (1967). 
[2] Biornont, E., Phycioa C 81, ISS (1976). 

[3J Czy~k, S. J., and Krueger, T. K., Astrophys J. 144,381 (1966). 



TRANS'ITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 401 
Fe VIII: Allowed transitions 

No. 
Transition 

Multiplet ' x(A) Ei(cni- 1
) Edcm- 1) Aki (108s- 1) fik S(at.u.) log gf 

Accu-
Source g; gk array racy 

1. 3l'3d- 2D ..,. 2pO 119.03 1103 841200 10 6 380 0.048 0.19 -0.31 D I 
3p 53d CpO)4.1 

118.89 1838 842930 6 4 330 0.047 0.11 -0.55 D 1 ,-
119.37 0 837750 4 2 380 0.041 0.064 -0.79 D 1 
118.63 0 842930 4 4 52 0.01l 0.017 -1.36 D 1 

2. 3p"3d- 2D _ 410'0 

3p53d('FO)4s 

118.28 1838 847250 6 8 22 0.0062 0.014 -1.43 D 1 
117.65 0 849990 4 6 32 0.010 0.015 -1.40 D I, 

3. 2D _ 2Fo 116.76 1103 857560 10 14 350 0.10 0.39 0.01 D 1 

~ 

117.18 1838 855190 6 8 320 0.088 0.20 :-0.28 D 1 
116.18 0 800710 4 6 400 0.12 U.HS -U.::sZ U 1 

116.43 1838 860710 6 6 22 0.0045 0.010 -1.57 D 1 

4. 3p"3d- 20 _ 4Do 

Sp'Sd('D")4S 

114.56 1838 874770 6 8 27 0.0072 0.016 -1.36 D 1 
114.29 1838 876810 6 '6 50 0.0098 0.022 -1.23 0 1 

[112.83J 0 [886300J 4 4 30 0.0058 0.0086 -1.63 0 1 

5. 20 - 70° 112.48 1103 890130 10 10 430 0.081 0.30 -0.09 D 1 

112.49 1838 890810 6 6 380 0.073 0.16 -0.36 0 1 
112.47 0 889110 4 4 320 0.061 0.090 -0.61 D, 1 
112.70 1838 889110 6 4 87 0.011 0.024 -1.18 D 1 
112.26 0 890810 4 6 67 0.019 0.028 -1.12 0 1 

6. >3po3d- 20 _ 2Fo 

3p 53dCFO)4s 

112.93 1838 887320 6 8 220 0.055 0.12 --0.48 0 1 
[112.29J 1838 [892400J 6 6 150 0.028 0.062 -0.77 D 'I 

7. 3po3d- 2D 2Do 

3p 53dCO°)4.s 

[112.81J 1838 [888300J 6 6 19 ' 0.0037 0.0082 -1.65 0 1 
[112.27J 0 [89U/UU] 4 4 190 0.035 0.052 -0.85 0 1 
[112.57J 0 [888300J 4 6 84 0.024 0.036 -1.02 0 1 

8. 3p"3d- 2D _ 2pO 98.53 1103 [1016000J 10 6 240 0.021 0.068 -0.68 D I 
3p'3d(' PO)4s 

[98.58J 1838 [1016000J 6 4 210 0.020 0.039 -0.92 () 1 
[98.39J 0 [1016000J 4 2 250 O.oI8 0.023 -1.14 I) I 
[98.39J 0 [1016000J 4 4 33 0.0048 0.0062 -1.72 D 1 

........ __ .............. --..'" -
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Fe IX 

Ground State 

Ionization Potential 235.04 eV = 1895800 em- 1 

Allowed Transitions 

References Line strengths for the first three multiplets of this argon-like ion 
are from the superposition-of-configurations (SOC) calculations of 
Weiss [1], which are expected to be fairly accurate. Lin et al. [2J 
have computed transitions to 4s and 4d states by using the Dirac
Hartree-Fock method, but they have omitted correlation in excited 
states. Oscillator strengths for 3d-4f transitions have been calcu
lated by Fawcett et al. [3J using Cowan's HX (Hartree-Fock with 
statistical exchange) method. 

[1] Weiss, A. W., private communication. 

No. 
Transition 

Multiplet MA) K(cm- 1} . 
array 

1. 3ph-3p 53d IS _ :Ipo 

244.912 0 

2. 's - :'Do 

217.108 0 

3. 's _ 'po 171.075 0 

4. 3ph_ 'S - (:Y:!,Y2)O 
3p·\2p~ 2)4.~ 

105.208 0 

5. 3p h_ IS - (16,16)0 

3pYPP2)4.1 

103.566 U 

6. 3p<>- 's -l:Y:!]O 
3l(2p:? 2)4d 

83.457 0 

7. 3p"- 's -l:Y:!]O 
3p 5(P? ~)1d 

82.430 0 

·8. 3p~'3rl- :Ipo - t~) 

3p 5(2Pf 2)4/ 

111.791 408307 
111.713 405765 

9. ;Ipo _ 2[%] 

112.096 413667 

10. ;'Fo _ 2[%] 

113.793 425800 
114.024 429311 

J. PhY5. Chem. Ref. Data, Vol. 10, No.2, 1981 

[2] Lin, D. 1., Fielder, W., Jr., and Armstrong, L, Jr., Phys. Rev. A 16, 589 
(1977). 

[3] Fawcett, B. C., Cowan. R. D., Kononov, E. Y., and Hayes, R. W., J. Phys. B 5, 
1255 (1972). 

Fe IX: Allowed transitions 

E.{cm- 1) Ab(l(}8S- 1) f;k S(at.u.) log gf 
Accu-

Source gi gk 
racy 

408307 1 3 0.087 2.4(-4)" 1.9(-4) -3.63 E 1 

460609 1 3 2.0 0.0043 0.0031 -2.36 E 1 

584547 1 3 2010 2.65 1.49 0.423 C+ I 

950500 1 3 320 0.16 0.055 -0.80 D 2 

\}0557U 1 3 5ZU 0.25 0.085 -0.60 D 2 

1198220 1 3 990 0.31 0.085 -0.51 D 2 

1213150 1 3 560 0.17 0.046 -0.77 D 2 

1302830 3 5 1200 0.39 0.43 0.07 E 3 
1300920 1 3 1000 0.56 0.21 -0.25 E 3 

1305760 5 7 1600 0.41 0.76 0.31 E 3 

1304590 9 II 2000 0.48 1.6 0.64 E 3 
1306320 7 9 1600 0.40 1.1 0.45 E 3 



TRANSITION PROBABILITIES FOR IRON, COBALT; AND NICKEL 403 

Fe IX: Allowed transitions-Continued 

Transition 
A(A) t:(cm- I

) Edcm- 1) A...{108s- 1) t. S(at.u.) log gf 
Accu· 

Source .No. Multiplet gi gk 
array racy 

~ 

-11. :lrO - 2[~J 

114.111 433807 1310150 5 7 1400 0.37 0.69 0.27 E 3 

12. :100 -l~] 

116.803 455612 1311750 7 9 1600 0.41 1.1 0.46 E 3 

13~ 3p53d- :'00 -1~] 

3psfPPd4J 

115.996 462616 1324710 5 7 1600 0.46 0.88 0.3~ E 3 

14.- loo _ 2(%] 

115.353 456744 1323650 5 7 1400 0.39 0.74 0.29 E 3 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to' be multiplied. 

Fex 

Ground State 

Ioniiation potential 262.1 eV = 2114000 cm- I 

Allowed Transitions 

List of tabulated line5 

Wavelength CA) No. Wavelength (A) No. 

75.685 17 96.122 10 
76.006 16 96.78B 10 
76.495 17 97.122 9 
76.822 16 97.591 lO 
77.627 14 100.026 24 
77.728 13 101.733 25, 

77.812 12 101.846 25 
77.865 12 102.095 25 
78.151 15 102.192 22 
78.769 12 102.829 27 
94.012 11 103.319 27 
95.338 10 103.724 26 
95.374 11 

Significant correlation effects in this chlorine-like ion make the_ 

oretical oscillator strengths for low-lying transitions'somewhat uncer
tain. Nussbaumer [1 J has calculated energy levels and· oscillator 
strengths for many transitions by using a scaled Thomas~Fermi 
method with' configuration interaction and relativistic effects; we . 
quote here his values for the 3s 23p 5_3s3p 6 resonance lines. Bro

mage et al. [2] have studied the 3p-3d transitions by using Cowan's 
semi-empirical HX method. Since they also tabulated percentage 
compositions of all levels of the' 3p 43d configuration, we have 
their results' over those of Nussbaumer, because this information 
allowed us to match the [-value data with the appropriate term 
designations. We have also employed earlier J-values due to Fawcett 
et al. [3J for transitions to n = 4 levels. 

I 

! 

! 

Wavelength (A) No. Wavelength (A.) No. 

104.248 23 180.407 6 
104.638 23 182.310 6 
137.027 20 184.542 2 
139.868 18 190.044 2 
140.296 21 192 8 

140.678 18 195.399 8 
144.328 19 201.556 8 
170.58 7 220.882 5 
174.534 T 229.99 4 
175.266 7 234.356 3 
175.474 6 345.75 1 
177.243 6 365.57 1 

The accuracy ratings for transitions for which the upper or lower 

level is indicated to be of low purity in LS. coupling have been 
lowered to "E." Transitions involving any level for which the dom

inant component is significantly less than 50% have been excluded 
from this compilation. 

References 

[1] Nussbaumer. B., Aslrilli. AslrophYh. 48, 9:~ (1976). 
[2J Aroma,,;c, G. E., Cowan, It. D., and Fawcett. B. c., Phys. Scr. 15, 177 (1977). 
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Fe x: AUowed transitions 

No. 
Transition 

Multiplet A(A) /<;i(cm- 1) /<;dcm- 1) Ak,(108s- l ) j;k S(at.u.) log gf 
Accu. 

Source array gi gk 
racy 

1. 3s~3ps - 3s3p" 2po _ 25 352.11 5228 289230 6 2 56 0.035 0.24 -0.68 E 1 

345.75 0 289230 4 2 39 0.035 0.16 -0.85 E I 
365.57 15683 289230 2 2 17 0.035 0.084 -l.l5 E 1 

2. 3p5_3p4('D)3d ~po _ ~ 186.31- 5228 541882 6 2 1900 0.33 1.2 0.29 D 2 

184.542 0 541882 4 2 1500 0.38 0.92 0.18 D 2 
190.044 15683 541882 2 2 420 0.23 0.29 -0.34 D 2 

3. 2pO _ 4F 

234.356 0 42670l 4 6 5.3(-4)" -2.67 E 2 

4. 2po ..:..p 

229.99 0 434800 4 2 3.0 0.0012 0.0036 -2.32 D 2 

5. 2pO _ 2F 

220.882? 0 452730? 4 6 0.30 3.3(-4) 9.6(-4) -2.88 E 2 

6. 3p.\-3p4('p)3d 2po _ 2p 178.30 5228 566093 6 6 1900 0.91 3.2 0.74 E 2 

177.243 0 564197 4 4 1900 0.90 2.1 0.56- E 2 
180.407 15683 569885 2 Z 1400 0.70 0.83 0.15 E 2 
175.474 0 569885 4 2 480 0.11 0.25 -0.36 E 2 
182.310 15683 564197 2 4 40 0.04 0.05 -l.l E 2 

7. 2po _ 20 171-.51 5228 578270 6 10 2200 1.7 5.7 1.00 0 2 

174.534 0 572954 4 6 2200 1.5 3.4 0.78 0 2 
175.266 15683 586244 2 4 2100 1.9 2.2 0.58 0 2 
170.58 0 586244 4 4 66 0.029 0.065 -0.94 0 2 

8. 3p.\-3p4('S)3d 2pO _ 2D 195 5228 [517000J 6 10 7.9 0.0075 0.029 -1.35 D- 2 

[192] 0 [521000] 4 6 0.06 5(-5) 1(-4) -3.7 E 2 
201.556 15683 511773 2 4 11 0.014 0.019 -1.55 D 2 
195.399 0 511773 4 4 6.6 0.0038 0.0098 -1.82 D 2 

9. 3ps-3p 4(3p)4.~ 2po _ 4p 

97.122 0 1029600 4 4 350 0.050 0.064 -0.70 0 3 

10. 2pO _ 2p 96.312 5228 1013200 6 6 llOO 0.15 0.28 -0.05 0- 3 

96.122 0 1040300 4 4 870 0.12 0.15 -0.32 D 3 
96.788 15683 1048900 2 2 780 0.11 0.070 -0.66 D 3 
95.338 0 1048900 4 2 590 0.040 0.050 -0.80 D 3 
97.591 15683 1040300 2 4 70 0.02 om -1.4 E 3 

11. 3p.\-3p\ID)1;: 2pO _ 2D 

94.012 0 1063700 4 6 470 0.093 0.12 -0.43 0 3 
95.374 15683 1064200 2 4 550 0.15 0.094 -0.52 0 3 

12. 3ps-3p4('p)4d 2pO _ 20 78.163 5228 1284600 6 10 1400 0.22 0.34 0.12 D 3 

77.865 0 1284300 4 6 1600 0.22 0.23 -0.06 0 3 
78.769 15683 1285100 2 4 400 0.075 0.039 -0.82 E 3 
77.812 0 1285100 4 4 800 0.073 0.075 -0.53 E 3 

13. 2po _ 4F 

77.728 0 1286500 4 6 280 0.038 0.039 -0.82 0 3 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 405 

Fe x: Allowed transitions-Continued 

.. -......... 

No.· Transition 
Multiplet A(A) E;(cm- ') Edcm- J) Aki (l08S - J) fik S(at.u.) log gf 

Accu-
Source gi gk 

array racy 

14. 2pO _ 2F 

77.627 0 1288200 4 6 480 0.065 0.066 -0.59 0 3 

15. 2pO _ 2p 

78.151 15683 1295300 2 4 440 0.080 0.041 -0.80 D 3 

16. 3p~ .... 3p4eO)4d 2po _ 2p 

76.006 0 1315700 4 4 1300 0.11 0.11 -0.36 0 3 
76.822 15683 1317400 2 2 1800 0.16 0.081 -0.49 D 3 

17. 2po -!!O 

• 

75.685 0 1321300 4 6 780 0.10 0.10 -0.40 0 3 
76.495 15683 1323000 2 4 1400 0.24 0.12 -0.32 0 3 

18. 3p4('D)3d- 2G _ 2Fo 

3p4eO)4p. 

139.868 450753 1165713 10 8 220 0.052 0.24 -0.28 0 3 
140.678 451081 1161924 8 6 170 0.038 0.14 -0.52 E 3 

9. 2F _ :lOO 

144.328? 485978 1178844? 8 6 140 0.033 0.13 ~O.58 D 3 

20. 3p4CP)3d- 40:_ 4po 

3p\'P)4p 

137.027? 388708 1118491 ? 8 6 150 0.031 0.11 -0.61 D 3 

21. 4F _ 4Do 

140.296 417653 1130432 10. 8 220 0.052 0.24 -0.28 0 3 

22. 3p4('O)3d- 2G _ :!Ho 
! 

3p4('D)4J 

102.192 450753 1429303 10 12 2900 0.55 1.9 0.74 0 3 

23. 2y _ zGo 

104.638 485978 1441654 8 10 2100 0.43 1.2 0.54 0 3 
104.248 (482000] (1441()00] 6 8 1100 0.31 0.61 0.27 D 3 

24. 3p 4CP)3d- 4D _ 4fO 

3p\'P)4J 

100.026 388708 1388448 8 10 2600 0.49 1.3 0.59 D 3 

25. 4F _ 4GO 

102.095 . 417653 1397133 10 12 2900 0.55 1.8 0.71 I) :I 

101.733 426701 1409666 6 8 1800 0.38 0.76 0.36 I) 3 
101.846 428297 1410172 4 6 1700 0.39 0.52 0.19 E 3 

26. :!F - 2GO 

103.724 452730? 1416827? 6 8 1700 0.:36 0.71 ()X~ E 3 

27. 3p4('S)3d- 2D _ 2Fo 

3p4(IS)4f 

103.319 [521000] [14890ooJ I 
~I 

8 2600 0.,55 l.l 0.52 D 3 
102.829 511773 1484261 I 6 2}00 0.49 0.66 0.29 0 3 

" The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 
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FUHR ET AL. 

Fe XI 

Ground State 

Ionization Potential 290.4 eV = 2342000 cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (1\) No. Wavelength (A) No. Wavelength (A) No. 

72.166 22 90.205 15 123.822 24 201.737 12 
72.310 21 90.345 15 124.725 25 208 7 
72.635 -,. 20 91.394 28 176.620 11 276.41 2 
73.2 20 91.472 28 179.762 14 

I 

308.61 4 
86.513 18 91.63 27 184.41 8 341.115 1 
86.772 16 91.733 27 184.800 13 348.97 I 
87.025 16 92.81 31 187.446 10 352.680 1 
87.995 16 92.87 29,31 188.219 9 355.92 5 
88.029 16 93.433 30 189.017 9 356.55 I 
88.167 16 121.419 23 192.020 10 358.64 1 
89.104 17 121.747 23 192.641 10 369.23 1 
89.185 15 123.49 24 192.819 9 406.84 3 
89.865 19 123.572 26 201.575 6 

For the resonance transitions of this highly ionized member of the 
sulfur isoelectronic sequence, we have chosen the data of Mason [1], 
computed by using a multiconfiguration scaled Thomas-Fermi 
method. Substantial correlation is present in these values, reducing 
them by as much as an order of magnitude below single configuration 
results. 

to be oflow purity in LS coupling have been lowered to "E," while 
those for which the dominant component is significantly less than 
50% have been excluded from this compilation. 

References 

[1] Ma~on, H. E., Mon. Not. R. A~tron. Soc. 170, 6!l1 (1975) 
The remainder of the oscillator strengths were computed by 

Bromage et a1. [2] and Fawcett et al. [3,4J using Cowan's semi
empirical Hartree-Fock-Slater programs. The 3p-3d calcu1ations 
include the effects of configuration interaction [2]. Accuracy ratings 
for some transitions for which the upper or lower level is indicated 

[2J Bromage, C. E., Cowan, R. D., and Fawcett, B. C., Phys. Scr. IS, 177 (1977). 

[3] Fawcett, B. C., Cowan, R. D., Kononov, E. Y., and Hayes, R. W., ]. Phys. B 5, 

1255 (1972). 
r4] Fawcett, B. C., Peacock, N. J., and Cowan, R. D., J. Phys. B I, 295 (1968). 

Fe XI; Allowed transitions 

No. 
Transition 

Multiplet X(A) Ri(cm- I
) Rdcm- ' ) Aki (108s- 1) fk S(at.u.) log gf 

Accu· 
Source 

array 
gi gk 

racy 

1. 3s 23pl-3s3p" :lp _ :Ipo 35.1.76 5812 288490 9 9 23 0.043 0.45 -0.41 C I 

352.600 0 203543 5 5 17 0.032 0.19 -0.80 C 1 

356.55 12667.9 293156 3 3 5.2 0.010 0.035 -1.52 C 1 

341.115 0 293156 5 3 11 0.012 0.067 -1.22 C 1 

348.97 12667.9 299230 3 1 23 0.014 0.048 -1.38 C I 
360.23 12667.9 283543 3 5 53 O_OlH 0_066 -1.27 C I 
358.64 14300 293156 1 3 7.1 0.041 0.048 -1.39 C 1 

2. :Ip _ Ipo 

276.41J 0 361780 5 3 2.0 0.0014 0.064 -2.15 E I 
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TRANSITIONPROBABILrtlEsFOR IRON, COBALT, AND NICKEL 407 
Fe XI: Allowed transitions-Continued 

No; 
Transition 1 Multiplet X(A) f.,:(cm- I) EJ,(crn- l ) A,,; (l08S- I ) j" S(at.u.) log gf 

Accu-
Source g; . g, 

array racy 

3. 10 _ :lpO 

[406.84] 37743.6 283543 5 5 0040 0.0010 0.0067 -2,30 E 1 

4. 10 _ Ipo 308.61 37743.6 361780 5 3 75 0.064 0.33 -0.49 C 1 

5. IS _ Ipo [355,92] 80815 -361780 I 3- 1.6 0.0094 0.011 -2.03 0 I 

6. 3p4-3p:lepO)3d :Ip _3pO 

201.575 0 496093 5 5 36 0.022 0.073 -0.96 0 2 

'I. 10 _ "Do 

[208J 37743.6 [481000J 5 3 160 0.062 0.21 -0.51 E 2 

8. IS _ IpO 184.41 80815 623080 1 3 1400 2.2 1.3 0.34 0 2 
i 

9. 3p4~3p:I(OO)3d :lp _ 3pO 

I 

188.219 0 531296 5 5 HOO I 0.59 1.8 0.47 0 2 
i89.017 12667.9 541721 3 I 1400 0.25 0.47 -0.12 0 2 
192.819 12667.9 531296 3 5 220 0.20 0.38 -0~22 0 2 

10. :lp _ 3S0 189.51 5812' 533487 9 3 550 0.098 0.55 -0.05 E 2 

187.446 0 - 533487 5 3 100 0.032 0.099 -0.80 E 2 
192.020 12667.9 533487 3 3 290 0.16 6.30 -0.32 E 2 
192.641 14300 533487 I 3 140 0.23 0.15 -0.64 E 2 

II. 'lp_ IDo 

176.620 12667;9 578855 3 5 86 0.067 0.12 -0.70 D 2 

12. ID _ :ISO 

201.737 . 37743.6 533487 5 3 630 0.23 0.76 0.06 E 2 

13. lD_ 100 184.800 37743.6 578855 5 5 1200 0.63 1.9 0.50 D 2 

10 _ lyo 179.762 37743.6 594035 5 7 1600 1.1 3.3 0.74 D 2 

15. 3p4-3p:I(4S0)4s . ;Ip _ :ISO . 89.647 5812 1121300 9 3 2100 0.083 0.22 -0.13 0- 3 

89.185 0 1121300 5 3 1300 0.092 0.14 -0.34 D 3 
90.205 12667.9 1 i21300 3 3 550 0.067 0.()60 -0.70 0 3 
90.345 14300 1121300 1 3 200 0.08 .0.02 -1.1 E 3 

16. 3p4-3p;;fO°)4s 3p _ 300 

86.772 0 1152400 5 7 540 (>.086 0.12 -0.37 0 3 
87.995 12667.9 1149100 ·3 5 220 0.043 0.037 -0.89 f) 3 
88.167 14300 11485QO 1 3 200 0.06 0.02 -1.2 E 3 
87.025 

1266~.91 
1149100 5 5 350 0.040 0.0;.7 -0.70 f) 3 

88.029 1148500 'I 3 400 (UH7 0.041 -0,85 D 3 

17. 10 _ 1nO 89.104 37743.6 1160000 5 ;) I:WO 0,16 0.2:{ --0.10 D 3 
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Fe XI: Allowed transitions-Continued 

No. 
Transition 

Multiplet A(A) r..~(cm-I) Edcm- 1) Aki (l08S - 1) fit S(at.u.) log gf 
Accu-

Source 
array gi gk 

racy 

18. 3p4-3pYPO)4s 10 _ IpO 86.513 37743.6 1193600 5 3 830 0.056 0.080 -0.55 0 3 

19. IS _ IpO [89.865J 80815 1193600 1 3 690 0.25 0.074 -0.60 0 3 

20. 3p4-3P"(4S0)4d :'p - :10° 

72.635 0 1376700 5 7 1600 0.18 0.22 -0.05 D 3 
[73.2J 12667.9 [1380000J 3 5 820 0.11 0.080 -0.48 0 4 

21. 3p 4_3p :1(~DO)4d iO _ 100 72.310 37743.6 1420700 5 5 1500 0.12 0.14 -0.22 0 3 

22. 10 _ IFo 72.166 37743.6 1423400 5 7 2900 0.32 0.38 0.20 0 3 

23. 3p:'CSO)3d- "0° - ;'p 
3p:I(4S0)4p 

121.419 9 7 290 0.050 0.18 -0.35 0 3 
121.747 7 5 210 0.033 0.093 -0.64 D 3 

24. 3p:'(200)3d- :'Go _ :IF 

3p:I(OO)4p 

123.49 11 9 270 0.050 0.22 -0.26 0 3 
123.49 9 7 170 0.030 0.11 -0.57 E 3 
123.822 7 5 220 0.036 0.10 -0.60 E 3 

25. IGO - IF 124.725 9 7 220 0.040 0.15 -0.44 0 3 

26. 3p"(?PO)3d- :'Fo _ :'1) 

3p:'(~pO)4p 

123.572 7 5 360 0.059 Q.17 -0.38 E 3 

27. 3p:'(4S0)3d - "0° -"F 
jp"('SO)4J 

91.733 9 II 4100 0.63 1.7 0.75 D 3 
91.63 7 9 3400 0.55 1.2 0.59 D 3 
91.63 [; 7 2800 0.49 0.74 0.39 D 3 

9 .63 3 5 2300 0.48 0.43 0.16 D 3 

28. 3pYDO)3d- "Fo - :IG 

3p'\~DO)4f 

91.472 7 9 2500 0.41 0.86 0.46 D 3 

91.394 5 7 2600 0.45 0.68 0.35 D 3 

29. "Go - "H 

92.87 II 13 3900 0.60 2.0 0.82 D 3 

92.87 7 9 3400 0.57 1.2 0.60 D 3 

30. IGO _ lH 93.433 9 11 3200 0.51 1.4 0.66 0 3 

31. 3p"epO)3d- "Fo _:lG 

3p"(~PO)4f 

92.81 9 11 3700 0.59 1.6 0.73 D 3 

92.87 7 9 2800 0.47 1.0 0.52 D 3 
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(;rotind State 

TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

Fe XII 

409 

,1onization Potential [328J eV = [2646000] cm-\ 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. WaveJength (A) No. Wavelength (A) No. Wavelength (A) No. 

65.805 23 82.226 15 185.85 10 200.356 13 

65.905 18 82.744 17 186.856 1 6 201.121 12 

66.526 22 82.837 17 186.880 6 202.090 12 

66~-960 20 84.48 ,27 188.216 7 204.743 12 
67.164 24 84.491 27 188.45 6 208.410 n 
67~821 19 84.52 27 189.561 9 209.11 5 

68.382 21 84~85 28 190.459 7 210.932 11 
79.488 14 85.14 29 192.394 4 335.06 2 

80.022 14 85.477 29 193.509 4 338.263 2 

80.160 16 108.440 25 194.920 8 346.852 1 

80.542 16 108.605 25 195.119 4.8 352.107 1 

80.55 14 108.862 25 196.640 8 364.468 1 
81.651 15. 110.591 26 196.923 0 382:03 3 

8L943 15 110.732 26 198.555 12 

Significant correlation effects in thisP-like ion make the accurate 
calculation of oscillator. strengths difficult. 

Bromage et aI. [1] h~yt:; calculated gf-valut:;:5 of It:;:50nance l1'an:5i

tions to levels of the 3s3p4 and 3s 23p23d configurations by using 
Cowan'smulticonfiguration Hartree-XR approach including ex
change (X) and relativistic effects (R) and semiempirically scaled 
Slater parameters. Fawcett et a!. [2] have used Cowan's Hartree
rock -Slater' (HX) . method to determin~ gf. values of transitions to 

lowered to "E." Transitions involving any level for which the dom~ 
inant component is significantly less than 50% have been excluded 
frolll lhi:5 compilati.uu_ 

References 

n = 4 states. ' 
The accuracy ratings for trari5itiona for which the upper or lower 

level is indicated. to be of low purity in LS coupling have been 

[1] Bromage. G. E.. Cowan. R. D .• and Fawcett.B. C .• Mon. Not. R.Astr'on.Soc. 
183, 19 (1978). 

[2] j<'awcett. H. C., Cowan. K. D .• Kononov. E. Y., and Hayes. R. W .• l. Phys.B 5, 

1255 (1972). 

Fe XII: Allowed transitions 

No. 
Transition 

Multiplet X(A) f..~(cm-I) Edcm- I ) A"i(108s- l ) jk S(at.u.) log gf 
Accu-

Source 
array 

gi g" racy 

1. 3S23p:l-3s3p~ 450 _ 4p 357.26 0 279906 4 12 -17 0.096 0.45 -0.42 D 1 

364.468 0 274373 4 6 1'6 0.048 0.23 -0.72 I) 1 
352.107 0 284005 4 4 18 0.033 0.15 -0.88 I) 1 
346.852 0 288307 4 2 18 0.016 0.073 -1.19 I) I 

2. 2D0.;.. 2D 

I 
338.263 46110 341738 6 6 1 

,,"7 0.047 O.;~J -0.55 0 ) .. I 

~~5.0o 41500 ;$40010 4 41 :H 0.058 0.26 -0.63 D 1 
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Fe XII: Allowed transiti~ns-Continued 

No. 
Transition 

Multiplet X(A) t.:(cm- l
) Ek(cm- 1) Aki (l08S- 1) f;k S(at.u.) log gf 

Accu· 
Source 

array 
gi gk 

racy 

3. 2po _ 20 

382.83 80514 341730 4 6 5.5 0.01~ 0.091 -1.14 0 1 

4. 3p:'-3p 2CP)3d 450 _4p 194.12 0 515139 4 12 950 1.6 4.1 0.81 D 1 

195.119 0 512508 4 0 930 0.80 2.1 0.51 D 1 

193.509 0 516772 4 4 940 0.53 1.4 0.33 D 1 
192.394 0 519767 4 2 900 0.25 0.63 0.00 0 1 

5. 200 _ 4p 

[209.11] 41560 519767 4 2 64 0.021 0.058 -1.08 0 1 

6. 200 _ 2F 186.92 11290 579292 10 14 1200 0.85 5.2 0.93 E 1 

186.880 46110 581213 6 8 1100 0.80 3.0 0.68 0 1 
186.856 41560 576731 4 6 1100 0.85 2.1 0.53 E 1 
188.45 46110 576731 6 6 69 0.037 0.14 -0.65 E 1 

7. 2pO _ 20 

188.216 74103 605407 2 4 800 0.85 1.1 0.23 E 1 
190.459 80514 605407 4 4 240 0.13 0.33 -0.28 E 1 

8. 3i'-3p 2CO)3d 200 - 20 196.05 11290 551362 10 10 620 0.36 2.3 0.55 D 1 

196.640 46110 554654 6 6 480 0.28· 1.1 0.23 0 1 
195.119 41560 553923 4 4 670 0.38 0.98 0.18 D 1 
196.923 46110 553923 6 4 110 0.043 0.17 -0.59 0 1 
194.920 41560 554654 4 6 23 0.020 0.051 -1.10 0 1 

9. 2Do _ 2p 

189.561 41560 569095 4 2 45 0.012 0.030 -1.32 E 1 

10. 200 _ 2S 

[185.85] 41560 579626 4 2 50 0.013 0.032 -1.28 0 1 

11. 2po _ 20 

210.932 80514 554654 4 6 58 0.058 0.16 -0.63 0 1 
208.410 74103 553923 2 4 58 0.075 0.10 -0.82 0 1 

12. 2pO _ 2p 201.42 78377 571850 6 6 830 0.50 2.0 0.48 E 1 

201.121 80514 577727 4 4 640 0.39 1.0 0.19 0 I 

202.090 74103 569095 2 2 130 0.45 0.60 -0.05 E I 
204.743 80514 569095 4 2 57 0.Dl8 0.049 -1.14 E 1 
198.555 74103 577727 2 4 210 0.25 0.33 -0.30 0 1 

13. 2po _ 25 

200.356 80514 579626 4 2 660 0.20 0.53 -0.10 D 1 

14. 3p:'-3p2('P)4s 450 _ 4p 79.87 0 1252000 4 12 660 0.19 0.20 -0.12 0 2 

79.488 0 1258100 4 6 670 0.095 0.099 -0.42 0 2 
80.022 0 1249700 4 4 680 0.065 0.068 -0.59 D 2 
80.55 0 1241000 4 2 720 0.035 0.037 -0.85 0 2 

15. 200 _ 2p 82.011 41290 1263600 10 6 1700 0.10 0.27 0.00 0 2 

81.943 46JlO 1266500 6 4 1400 0.097 0.16 -0.24 D 2 

82.226 41560 1257700 4 2 1900 0.095 0.10 -0.42 D 2 

81.651 41560 I 266500 4 4 100 0.01 0.01 -1.4 E 2 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 411 

Fe XII: Allowed transitions-'::'Corttinued . 

. -
Transition 

Multiplet A(A) f..:(cm- I
) Edcm- 1) Aki(108s- 1) jk S(at.u.) log gf 

Accu-
Source No. gi gk 

array racy 

\6. ·3p3_3p2CO)4s 2Do - !!D 

[80.542] 46110 1287700 6 6 870 0.085 0.14 -0.29 D 2 
80.160 41560 1289100 4 4 600 0.058 0.061 -0.63 0 2 

17. 2po.;. !!D 

82.837 80514 1287700 4 6 190 0.030 0.033 -0.92 D 2 
82;744 80514 1289100 4 4 760 0.078 0:085 -0.51 D 2 

18. 3p3~3p2(IP)4_d 450 _ 4p 

65;905 0 1517300 4 4 2000 0.13 0.11 -0.28 D 2 

19. 200 _ 2F 

67.821 41560 1516000 4 6 1400 0.14 0.13 -0.25 0 2 

20. 200 _ 2D 

66.960 41560 1535000 4 6 1600 0.16 0.14 -0.19 D 2 
/ 

21. !!po _ 2D 

68.382 74103 1536840 2 4 1700 0.24 0.11 -0.32 0 2 

22. 3p:~-3p!!('0)4d 2Do -'2F 

66.526 46110 1549280 6· 8 1700 0.15 0.20 -0.05 D 2 

23; 2Do _ 2p 

65.805 46110 1565750 6 4 510 0.0~2 0.029 -0.88 D 2 

24. 2po_ 25 

67.164 80514 1569400 4 2 1100 0.038 0~034 -0.82 D 2 

25. 3p2CP)3d- 4F _ 4Do 

3p2(p)4p 

108.440 10 8 330 0.047 0.17 -0.33 D 2 
108.605 8 6 330 0.044 0.13 -0.45 D 2 
108.862 6 4 320 0.038 0.082 -0.64 D 2 

26. ·3p2(ID)3d- 2G..:. 2rO 

3p~(lD)4p 

110.591 10 8 310 0.046 0.17 -0.34 D ·2 
110.732 8 6 130 0.018 0.052 -0.84 D 2 

27. 3p2(lp)3d- 4F -,.4GO 

3p 2CP)4J 

84.491 10 12 5200 0.67 1.9 0.83 D 2 
84.48 8 10 4900 0.66 1.5 0.72 D 2 
84.52 6 8 4000 0.57 0.95 0.53 D 2 
84.48 4 6 4500 0.72 0.80 0.46 D 2 

28. 'D - 'Fo 

84.85 6 8 2300 0.33 0.55 0.30 J) 2 

29. 3p"('D)3d- "G - "H o 

3p2('D)4J 

85.477 10 12 4600 0.60 1.7 0.78 D 2 
85.14 8 IO 3400 046 1.0 0.-'>7 n 2 
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Fe XIII 

Cround State 

Ionization Potential [360.0J eV = [2903700J em-I 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

62.10 33 178.05 20 
62.353 31 181.03 20 
62.46 32 185.75 19 
62.699 31 191.24 25 
63.188 34 196.525 24 
64.139 3[; 197.434 18 

74.327 29 200.021 18 
74.845 29 201.121 18 
75.892 29 202.044 17 
76_117 30 202.1!B 17 

78.452 38 203:793 18 
78.760 38 203.826 18 
81.154 40 204.942 18 
82.010 41 205.91 17 
84.270 42 208.679 28 
85.461 43 209.916 17 
98.128 36 216.83 23 
98.523 36 216.87 23 
98.826 36 218.13 23 

107.384 37 223.78 22 
175.15 20 228.28 6 

Significant correlation effects in this Si-like ion make the accurate 
calculation of oscillator strengths difficult. Flower and Nussbaumer 
[lJ have studied resonance transitions to the 3s3p 3 and 3s 23p3d 
configurations by using a variation of the Thomas-Fermi method 
with allowance for configuration interaction. They remark that their 
results are quite sensitiye to the particular configulatiom, iuduclecl, 

causing substantial discrepancies with earlier, more restricted calcu
lations. More recently, Bromage et al. [2J have used Cowan's multi
configuration Hartree-XR approach including exchange (X) and 
relativistic effects (R) and semi empirically scaled Slater parameters 
to calculate gf-values f<;lr the strongest lines of these same transition 
arrays. 

With the exception of a few lines of the 3p2-3p3d array, the 
results of these two sources are in excellent agreement for the tran
sitions in common. We have adopted the results of ref. [2J for the 
transitions treated there, while ref. [11 has been quoted for the 
remaining ones. Flower and Nussbaumer's A -values have been 
modified to account for the deviation of their calculated wavelengths 
from observed ones (or from wavelengths computed from experi
mentally derived energy levels). In a few cases, the calculated 
energy levels from ref. [2J have been used to determine wave
lengths. The accuracy ratings for the two lines mentioned above 
have been lowered to "E," as have those for transitions whose upper 
or lower level is indicated to be of low purity in LS coupling. 

". PhyJ., Chern. Rot. Data, Vol. 10, No.2, 1981 

Wavelength (A) No. Wavelength (A) No. 

233.234 6 313 3 
237 16 318.21 9 
238 16 320.800 3 
238.38 6 321.45 3 
240.713 5 348.184 2 
241.10 27 354.34 8 

242 16 355.14 8 
246.208 5 359.63 2 
248.01 26 359.837 2 
251.953 5 368.12 2 

256 21 372.03 2 
256.42 11 372.24 2 
261 21 412.98 7 
272.19 10 417.90 7 
283.26 4 418.17 7 
288.75 15 420.33 13 
290.89 4 511.60 12 
303.35 3 493 1 
308.91 14 517 1 
311.552 3 
312.164 3 

Tra,nsitions involving any level whose dominant component is 

significantly less than 50% have been excluded from this com
pilation. 

The I-value of 0.055 calculated by Sinanoglu and Beck [3J 
according to their non-closed shell many-electron theory (NeMET) 
fm Life 3~23J12 3r-3~31'3 3n° uiUlLipl~L i:s iu guud Cl.gc~~JII~lIl wilh 

our tabulated value derived from the results for individual lines. 
Transitions to n = 4 states have been treated by Fawcett et a1. 

[4J in Cowan's statistical Hartree-Fock approximation, as weU as by 
Kastner et a1. [5J in a multiconfiguration scheme. The results have 
been averaged for transitions in common. The remarks made above 
concerning accuracy ratings for lines connecting levels of low purity 
apply to these transitions as weU. We should note further that the 
classifications of some observed spectral lines of these arrays are 
indicated by the respective authors to be questionable. 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 413 

Fe XIIJ: Allowed transitions 

Transition i 
Multiplet 

I 
A(A) f.:';(cm- I) E,,(cm- l ) I gi Al-i(108s- l ) f;k S(at.u.) log gf 

Accu-
Source '10. i gk 

array 
i 

racy 

l. 3.~23p2-3s3p:1 :Ip _ sSo 

[517] 18561.0 [212000] 5 5 0.091 '4)" 0.0031 -2.74 E 1 
[493] 9302.5 [212000] 3 5 0.054 3.3(-4) 0.0016 -3.01 E 1 

2; :Ip _ .1Do 363.31 13412.5 288660 9 15 14 0.047 0.51 -0.37 'D- 1,2 

368.12 18561.0 290210 5 7 13 0.036 0.22 -0.74 D 2 
359.63 9302.5 287360 3 5 IS 0.050 0.18 -0.82 D 2 
348.184 0.0 287205 1 3 10 0.07 0.08 -1.2 E 2 

[372.03J 185'61.0 287360 5 5 0.48 0.0010 0.0061 -2.30 D 1 
359.837 9302.5 287205 3 3 3.5 0.0068 0.024 -1.69 D 1 

[372.24] 18561.0 287205 5 3 0.11 1.4(-4) 8.4(-4) -3.16 E 1 

3. :Ip _ "po 316 13112.5 (330000j 9 9 41 0.061 0.57 -0.26 D 1,2 

. 320.800 18561.0 330279 5 5 34 0.052 0.27 -0.59 D 2 ' 
312.164 9302.5 329647 3 3 20 0.029 0.089 -1.06 D 2 

[321.45] 18561.0 329647 5 3 10 0.0096 0.051 -1.32 D 1 
[313] 9302.5 [329000J 3 1 41 0.020 0.062 -1.22 D 2 
311.552 9302.5 330279 3 5 4.8 0.012 0.036 -1.45 D 1 

[303.35] 0.0 329647 1 3 14 0.057 0.057 -1.24 D 1 

4. :Ip _ IDo 

[290.89] 18561.0 362330 5 5 1.3 0.0016 0.0076 -2.10 E 1 
[283.26] 9302.5 362330 3 5 0.70 0.0014 0.0039 -2.38 E 1 

5. :Ip _ :150 218.73 13112.5 415462 9 3 610 0.19 1.4 0.23 D 2 

251.953 18561.0 415462 5 350 0.20 0.83 0.00 D 2 
246.208 9302.5 415462 3 3 180 0.16 0.39 -0~32 D 2 
240.713 0.0 415462 1 3 69 0.18 0.14 -0.74 D 2 

6. :Ip _ IpO 

[238.38J 18561.0 438056 5 3 9.5 0.0048 0.019 -1.62 D 1 
233.234 9302.5 438056 : 3 3 53 0.043 0.099 -0.89 D 2· 

[?2R?RJ 00 4.38056 1 3 7.4. 0.017 0.013 -1.76 D 1 

7. ID _ :IDo 

[412.98J 48068 290210 5 7 0.90 0.0032 0~022 -1.79 D 1 
[417.90J 48068 287360 5 5 0.11 2.8(-4) 0.0019 -2.86 E 1 
[ 418.17J 48068 287205 5 3 0.32 5.1{-4) 0.0035 -2.59- E I 

8. ID _ :Ipo 

[354.34J 48068 330279 5 5 0.054 1.0(-4) 5;9(-4) -3.30 E I 
[355.14J 48068 329647 5 3 0.53 6.0(-4) 0.0035 -2.52 E I 

; 
9. 'D - 'DO 318.21 48068 362330 5 5 53 o.mm U.4~ -U.4U E; :.! 

10; 10 _ .150 

[272.19J 48068 415462 5 3 6.0 0.0040 0.0113 -1.70 D 1 

11. ID _ Ipo 256.42 48068 438056 I 5 3 :~OO 0.18 Il.?h -1).oS D 2 

12. IS _ aDO 

I 
51l.60 91740 287205 I l :-l 0.028 :U --4 S.6(-4) -3.48 E I 
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414 FUHR ETAL. 

Fe XIII: Allowe4 transitions-Continued 

:: - ~ >: - •• ~ . ~ .. . ~ , . "'.'.-...... .... ~-

No. 
Transition 

Multiplet X(A.) f..:(cm- I
) Edcm- I ) A!i (l08S- I ) fit S(at.u.) . log gf 

Accu-
Source 

array gi gk 
racy 

13. IS _ :lpO 

[420.33] 91740 329647 1 3 0.24 0.0019 0.0026 -2.73 0 1 

14. IS _ :'SO 

[308.91.] 91740 415462 1 3 3.9 0.017 0.017 -1.78 0 1 

15. IS _ 'po [288.75] 91740 438056 1 3 40 0.15 0.14 -0.82 0 2 

16. 3p2-3p3d :'p _ aFo 

[238] 18561.0 [438000] 5 7 3.2 0.0038 0.015 -1.72 E 1 
[237] 9302.5 [431000] 3 5 1.1 0.0016 0.0037 -2.32 E 1 
[242J IH!)o1.U [4::1lOUU] 5 5 l.3 0.0011 0.0045 -2.25 E 1 

17. :lp _ .1pO 

[20~.91] 9302.5 494942 3 3 Q.}t'l 1.0(-4) :1:.1(-4) -::s.!) 1 ~ J 

209.916 18561.0 494942 5 3 61 0.024 0.083 -0.92 E 2 
202.424 9302.5 503315 3 1 490 0.10 0.20 -0.52 0 2 
202.044 0.0 494942 1 3 530 0.97 0.65 -0.01 E 2 

18. :lp _ :'00 201 .92 13412.5 508666 9 15 640 0.65 3.9 0.77 0 2 

203.826 18561.0 509176 5 7 680 0.59 2.0 0.47 0 2 
200.021 9302.5 509250 3 5 190 0.19 0.38 -0.24 0 2 
197.434 0.0 506502 1 3 50 0.08 0.05 -1.1 E 2 
203.793 18561.0 509250 5 5 370 0.23 0.77 0.06 0 2 

I 
201.121 9302.5 506502 3 3 410 0.25 0.50 -0.12 E 2 
204.942 18561.0 506502 5 3 160 0.060 0.20 -0.52 E 2 

19. :'p - IFo 

[185.75] 18561.0 556910 5 7 32 0.023 0.071 -0.94 0 1 

20. ;'p _ Ipo 

[181.03] 18561.0 570944 5 3 0.11 3.4(-5) 1.0(-4) -3.78 E 1 
[178.05] 9302.5 570944 3 3 1.8 8.5(-4) 0.0015 -2.59 E 1 
[175.15] 0.0 570944 I 3 4.3 0.0059 0.0034 -2.23 D 1 

21. 10 _ :'Fo 

[256] 48068 [438000] 5 7 0.28 3.8(-4) 0.0016 -2.72 E I 

[261] 48068 [ 431000] 5 5 3.2 0.0033 0.014 -1.79 0 1 

~2. 'V _ "pv 

[223.78] 48068 494942 5 3 7.2 0.0033 0.012 -1.79 E 1 

23. 'D - "DO 

[216.87] 48068 509176 5 7 24 0.024 0.086 -0.92 0 2 
[216.83J 48068 509250 5 5 96 0.068 0.24 -0.47 0 2 
[218.13] 48068 506502 5 3 12 0.0050 0.018 -1.60 E 1 

24. '0 - IFo 196.525 48068 556910 5 7 720 0.58 1.9 0.46 0 2 

25. '0 _ 'po 191.24 48068 570944 5 3 0.0083 2.7(-6) 8.6(-6) -4.86 E 1 

's _ "po 
I 

26. 

II [248.01 J 91740 494942 3 0.89 0.0024 0.0020 I -2.61 E I 



TRANSITIONPROBABILITI.ES FOR IRON, COBA~T, AND NICI(EL 415 

. Fe XIII: Allowed tr~nsitions-Continued 

-
No. 

Transition 
Multiplet A(A.) Ei(cm-Ij A"j.(cm- 1) Ak;(108s- l ) jk 5 (at.u.) log gf 

Accu-
Source 

array 
gi gk 

racy 

27. IS _ aDo 

[241.10J 91740 506502 1 3 0.17 4.4~-4) 3.5(-4) -3.36 E 1 

28. IS- IpO 208.679 91740 570944 1 3 610 1.2 0.82 0.08 0 2 

29. 3p2":'3p4s 3p _ :lpo 

74.845 18561.0 1354700 5 5 1000 0.088 0.11 -0.36 D 4 
75.892. 18561.0 1336200 5 3 710 0.040 0.050 -0.70 D 4-
74.327 9302.5 1354700 3 5 410 0.057 0.042 -0.77 0 4 

ao. Ii> _ IpO 76.117 1,8068 1361800 5 3 2100 0.11 0.14 -0.26 0 <1 

31. 3p2-,3p4d :ip _ :lDo 

62.699 9302.5 1604200 3 5 2300 0.23 0.14 -0.17 D 4,5 
62.353 0.0 1603800 1 3 2000 0.35 0.072 -'--0.46 D 5 

32. 3p _ :lrO 

',-
62.46 18561.0 1620000 5 7 1200 0.098 0.10 -0.31 D 5 

33. :ip _ :lpO 

5 5 1400 D 5 
62.10? 9302;5 1620000? 3 1 1600 0.031 0.019 -l.03 D 5 

34. ID_ IFo 63.188 48068 1630600 5 7 3900 0.33 0.34 0.21 D 4.5 

35. IS _ Ipo 64.139 .91740 1650900 1 3 2100 0.39 0.082 -0.41 I) 5 

36. 3p3d-3p4p :lFo _ 3D 

98.128 [448000J [1467000] . 9 7 410 0;046 0.13 -0.38 D 4 
98.523 [438000] [1453000J 7 5 380 0.040 0.091 -0.55 D 4 
98.826 [431000] [1443000] 5 3 390 0.034 0.055 -0.77 E 4 

37. IFo - ID 107.384 556910 1488150 7 5 1800 0.22 0.54 0.19 D 4 

38. 3p3d-3p4J :iFO _ :lG 

78.452 [448000] [1723OO0J 9 11 6500 0.73 1.7 0.82 D 4,5 
78.760 [438000] [1708000J 7 9 4100 0.50 0.90 0.54 E 4,5 

39. :lpO _ :iF 

3 5 1900 E 5 

40. "PU - .'1) 

81.154? 503315 1735500? 1 3 2300 0.68 0.18 -0.17 n 5 

41. :lDo _:IF 

82.01O? 509176 1728500? 7 9 3700 ·0.48 0.91 0.5:1 E 4,5 
3 5 1900 E 5 

42. IFo - Ie 84.270 556910 1743600 7 9 5600 0.77 1.5 0.73 0 4,5 

43. Ipo _ ID 85.461 ? 570944 1741100? 3 5 3400 0.62 0.52 0.27 0 5 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 
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FUHRET·AL. 

Fe XIV 

Ground State 

Ionization Potential [391.0J eV = [3153700J cm- I 

Alluwt::u TrawsiLiuUlS 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

58.963 47 76.022 49 
59.579 47 76.137 49 
59.626 47 76.152 49 
69.176 46 78.449 20 
69.386 46 78.584 20 
69.66 46 78.769 20 
69.685 45 90.845 48 
70.251 46 91.009 48 
70.613 45 91.273 48 
72.796 50 211.32 21 

72.95 50 216.95 24 
73.08 50 218.21 24 

Strong configuration interaction in the Al sequence makes the ac
curate calculation of oscillator strengths for Fe XIV difficult. In many 
cases the results are quite sensitive to the particular configurations 
included. 

Blaha [I] has computed gf-values for a large number of transitions 
by combining Hartree-Fock wave functions with mixing coefficients 
which were derived from a diagonalization of a semi-empirical Slater 
parameter matrix. The accuracy of these data is difficult to assess 
because of the combination of ab initio and semi-empirical methods. 
Mason [2J has provided/-values for the 3p-3d transitions by using 
a scaled Thomas-Fermi method. The Hartree-Fock-Slater calcu
lations of Fawcett et a1. [3J might be expected to be' reasonably 
accurate, although they have not explicitly included configuration 
interaction. It should be noted that all of the above calculations have 
included the effects of intermediate coupling. 

The most sophisticated material available for high ions of the Al 
sequence consists of Weiss' superposition-of-configurations (SOC) 
calculations [4J and Froese Fischer's nonrelativistic multiconfigur
ation Hartree-Fock (MCHF) approach [5,6]. However, only multi
plet f-values have been determined by these two investigators, and 
accorate values of relative strengths within multiplets are not avail
ahle. MOTP.OVP.T, thp. ::.r.r.nr::.r.iei; of their mn1tiplp.t i;trengths were diffi

cult to assess, on account of the level crossings occurring along the 
isoelectronic sequence at or near the iron ion. 

Multiplet f-values derived from Blaha's data for individual lines 
are in good agreement with Weiss; results for two of the four 
multiplets in common, while in the remaining two cases they deviate 

J. Phys. Chem. Ref_ Data, Vol. 10, No.2, 1981 

I 

Wavelength (A) No. Wavelength (A) No. 

219.13 21 356.60 1 
220.09 2l 7l9.58 51 
252.190 3 747.38 51 
257.385 3 786.41 52 
264.799 3 811.03 52 
270.512 3 819.74 52 
274.22 2 1079 53 
280.69 11 1095 53 
288.45 II 1098 53 
289.17 2 

334.15 1 
353.84 1 

by 36 and 58 percent, respectively. Blaha's relative values never
theless indicate that LS coupling is a good approximation in these 
cases. Weiss' multiplet/-values have thus been quoted here and his 
multiplet strengths have been distributed according to LS -coupling 
rules. Froese Fischer has made a detailed study of the 
3s23p 2po-3s3p2 2D and 3p 2p°....,3d 2D transitions in the Al se

quence, and her multiplet values are in good agreement with those 
presented here. She has used the same method to calculate the 
oscillator strength of the 4s 2S - 4p 2po multiplet. The· value of 
0.48 obtained by using her own calculated energy difference is 
significantly lower than the ·value of 0.58 obtained by incorporating 
the experimentally derived energy difference, and both of the5e are 

lower than the multiplet value derived from the results of ref. [lJ for 
individual lines. It is not known whether these discrepanicies arise 
from the methods used in performing the transition integral calcu
lations or from the classifications of the observed spectral lines from 
which the energies of the 4s and 4p levels were derived. 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 417 

Fe XIV: Allowed transitionS 

-
No. 

Transition 
Multiplet 

array' I A(A) r..~(cm-l) K«m-') I g. I g. Aki(lOHS-l) fil S(at.u.) log gf 
Accu-

Source 
. racy 

I 

1- 3s 23p'-3s 3p~ 2pO _ 2D 347.20 12568.3 300590 6 10 21 0.063 0.43 -0.42 0 1 

353.84- 18852.5 301460. 4 ·6 19 0.054 0.25 -0.67 D 1 
334.15 0.0 299280 2 4 24 0.079 0.l7 -0.80 D 1 
350.00 18852.5 ~9'::1~I:5U 4 4 U;oa U.0012 0.0056 -2.32 D I 

2. 2po _ 25 281.01 12568.3 364670 6 2 200 0.082 0.46 -0.31 D 1 

289.17 18852.5 364670 4 2 11 0.0069 0.026. -1.56 E I 
274.22 

.' 

0.0 364670 2 2 210 0.24 0.43 -0.32 C 1 

3. 2po _ 2p 262.28 12568.3 393810 6 6 520 0.54 2.8 0.51 0 1 

. 264;799 18852.5 396510 4 4 430 0.45 1.6 0.26 0 1 
257.385 0.0 388490 2 2 180 0.18 0.31 -0.44 0 1 

270.512 18852.5 388490 I 4 2 260 0.14 0.50 -0.25 0 1 
252.190 0.0 396510 2 4 110 0.21 0.35 -0.38 0 I 

4. 3s 23p-3s 3d 2 2pO _ 2S 6 2 3.0(-4)' ~2.74 C 4 

5; 3s 23d- 2D _2Fo 

3s3pCPO)3d 

6 8 0.032 -0.72 E 1 
4 6 0.029 -0.94 E 1· 
6 6 0.0050 -1.52 E 1 

6. 2D _ 200 

6 6 U.~O .0.19 V 1 
4 4 0.27 0.03 0 I 
6 4 6.1(-4) -'-2.44 E 1 
4· 6 0.0055 -1.66 E 1 

7. 20 _ 2po 

6 4 0.12 -0.14 D 1 
4 2 0.10 -0.10 D 1 

4 4 0.0019 -2:12 E 1 

8.- 3s 23d- 20 _ 2Fo 

3s3pepO)3d 

6 8 0.52 0.49 D I 
4 6 0.56 . 0.35 0 I 
6 6 0.016 ":'1.02 E 1 

9. 20 _ 200 

6 6 0.0048 -1.54 E 1 
4 4 0.0062 -1.61 E 1 
4 6 0.0040 -1.80 E I 

10. 20 _ 2po 

6 4 0.029 ·-O.7() F I 
4 2 0.0082 -- I.,HI E I 
4 4 6.1(--4) ·-·~.hl E J 
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Fe XIV: Allowed transitions-Continued 

No. 
Transition 

Multiplet A(A) I!,~(cm-I) Ek(cm- 1) Aki(108s- 1) /;k 5 (at.u.) log gf 
Accu-

Source 
array 

gi gk 
racy 

II. 3s3p2-3p:' 4p _ 450 

288.45 6 4 170 0.14 0.80 -0.08 0 I 
280.69 4 4 130 0.15 0.55 -0.22 0 I 

2 4 0.15 -0.52 0 I 

12. 20 _ 200 

6 6 0.050 -0.52 E 1 
4 4 0.037 -0.83 E I 
6 4 0.0064 -1.42 E 1 
4 6 0.0070 -1.55 E 1 

13. 20 _ 2po 

6 4 0,015 -1.05 E 1 
4 2 0.019 -1.12 E 1 
4 4 0.0075 -1.52 E 1 

14. 25 _ 200 

2 4 0.019 -1.42 E 1 

15; 2S _ 2pO 

2 4 0.043 -1.07 E 1 
2 2 0.0015 -2.52 E 1 

16. 2p _ 200 

4 6 0.031 -0.91 E 1 
2 4 0.028 -1.25 E 1 
4 4 0.017 -1.l7 E 1 

17. 2p _ 2pO 

4 4 0.11 -0.30 D I 

2 2 0.059 -0.93 E 1 
4 2 0.0077 -1.51 E 1 

18. 363p(IPO)3d- 2pO 2S 6 2 ~ 0.0012 -2.14 D 4 

3p 2CO)3d 

19. 3s3pepO)3d- 2pO _ 25 6 2 0.032 -0.72 0 4 
3p 2CO)3d 

20. 3s 3p2-3s 2 4p 20 _ 2po 78.636 300590 1572270 10 6 320 0,018 0.047 -0.74 C 4 

[78.584J 301460 1573990 6 4 290 0,018 0.028 -0.97 C is 
[78.769] 299280 1568820 4 2 330 0.015 0.016 -1.21 C is 
[78.449] 299280 1573990 4 4 33 0.0030 0.0031 -1.92 0 is 

21. 3p-3d 2pO _ 20 216.53 12568.3 474400 6 10 440 0.51 2.2 0.49 C 2 

219.13 18852.5 475200 4 6 420 0.45 1.3 0.26 C 2 

211.32 0.0 473210 2 4 370 0.50 0.70 0.00 C 2 
220.09 18852.5 473210 4 4 83 0.060 0.17 -0.62 C 2 

22. 3s 23p-3 2('0)3d 2pO _ 25 p 6 2 1.l(-4) -3.18 0 4 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

Fe XlV: Allowed transitions-Continued 

,No. 
Transition 

Multiplet A(A) E;(cm- 1
) E;(cm- 1) Aki(108s- l ) iii: S(at.u.) log'gf 

Accu-
SourCE 

array 
gi gk 

racy 

-:-

23. 3s3p2- .p _ 4Fo 

3s3pCPO)3d 

6 8 0.0027 -1.79 E 1 
4 6 0.0017 -2.17 E 1 
2 4 0.072 -0.84- E 1 
6 6 6.2(-4) -2.43 E 1 
4 4 0.022 -1.06 E 1 
.6 4 0.0057 -1.47 E 1 

24. 4p _ 4Do 

218.21 . 0 8 430 0.41 1.8 0.39 D 1 

216.95 4 6 130 0.14 0.40 -0.25 D 1 
2 4 0.40 -0.10 D 1 
6 6· 0.19 0.06 D 1 
1- 1- 0.031- .,...0.87 E 1 

2 2 0.29 -0.24 D 1 
6 4 0.0068 -1.39 E 1 
4 2 7.9(-4) """"2.50 E 1 

25. 4p _ 4pO 

6 6 0.025 -0.82 E 1 
4 4 0.16 .-0.19 D I 
2 2 0.0055 -1.96 E 1 
6 4 0.055 -0.48 E 1 
4 2 0.10 -0.40 D 1 
4 6 0.27 0.03 D I 
2 4 0.0079 -1:80 E I 

26. 2D _ 2Fo 

6 8 0.22 0.12 D I 
, 4 6 0.20 -0.10 D 1 

6 6 0.029 -0.76 E 1 

27. 2D _ 2Do 

6 6 8.6(-4) -2;29 E 1 
4 4 0.0049 -1.71 E 1 
() -1 9.6(-1) -2.24- E 1 

28. 2D _ 2pO 

6 11 0,18 0.03 D 1 

4 2 0.068 -0.57 E 1 
4 4 0.020 -1.l0 E 1 

29. :zg _ 2Do 

2 4 0.093 -0.73 E t 

30. 25 _ 2po 

2 4 0.0021 -2.:lH E I: 2 2 0.070 -0.85 IE 
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Fe XIV: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A) Ei(cm- 1
) Edcm- 1) Aki (l08S - 1) jk S(at.u.) log gf 

Accu-
Source 

array 
gi gk 

racy 

3l. 2p _ 2Fo 

4 6 3.4(-4) -2.87 E I 

32. 2p _ 2Do 

4 6 0.79 0.50 D 1 
2 4 0.46 -0.04 D I 
4 4 0.093 -0.43 E 1 

33. ~p _ 2po 

4 4 0.010 -1.40 E I 
2 2 0.12 -0.62 D 1 

4 2 0.061 -0.61 D 1 
2 4 0.37 -0.13 D 1 

34. 3s3p2- 20 _ 2Fo 

3s3pCPO)3d 

6 8 0.16 -0.02 D I 
4 6 0.18 -0.14 D 1 
6 6 0.0067 -1.40 E 1 

35. 2D _ 2Do 

6 6 0.30 0.26 D 1 
4 4 0.31 0.09 D 1 
6 4 0.025 -0.82 E 1 

4 6 0.063 -0.60 E 1 

36. 2D _ 2pO 

6 4 0.34 0.31 0 1 
4 2 0.38 0.18 D 1 

4 4 0.082 -0.48 E 1 

37. 25 _ 2Do 

2 4 0.012 -1.62 E 1 

38. 25 _ 2po 

2 4 O.oy U.14 D 1 

2 2 0.15 -0.52 D 1 

39. 2p _ 2Fo 

4 6 0.0069 -1.56 E 1 

40. 2p..;. 2Do 

4 6 0.026 -0.98 E 1 

2 4 0.032 -1.l9 E 1 

I.?p _ 2pO 

4 4 0.0060 -1.62 E 1 

41. 

4 4 0.0071 -1.55 E I 

2 2 0.21 -0.38 D 1 
4 2 0.0061 -1.61 E 1 
2 4 0.0014 -2.55 E 1 

42. 3s3p(iPO)3d- 2pO _ 25 6 2 O.ll -0.18 C 4 
3s3d2 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 421 

Fe XIV: Allowed transitions-Continued 

Transition 
A(A) E;(em- ' ) 

I 
E. (ern-I) g. I A.,(108s- l ) 5 (at.u.) 

Aeeu. 
Source No. Multiplet I g; /;A log gf 

array racy 

-

43. 3s3pCPO)3d- 2pO _ 25 6 2 0.11 -0.18 C 4 

3s3d2 

44. 3p:l-3p2('0)3d 2pO _ 2S 6 2 0.090 -0.27 C 4 

45. 3p-4~ 2pO_ 2S 70.301 12568.3 1435020 6 2 2500 0.062 0.086 -0.43 C 4 

70.613 18852.5 '1435020 4 2 1600 0.061 0.057 -0.61 C Is 

[69.685J 0.0 1435020 2 2 870 0.063 0.029 -0.90 C is 

46. 3s3p2- 4p _ 4pO 

3s3pCPO)4s 

69.66 6 6 1300 0.092 0.13 -0.26 0 3 
70.251 6 4 810 0.040 0.056 -0.62 D 3 
69.176 4 6 560 0.060 0.055 -0.62 0 3 
69.386 2 4 760 0.11 0.050 -0.66 D 3 

47. 3p-4d 2pO _ 2D 59.375 12568.3 1696770 6 10 3200 0.28 0.33 0.23 C 4 

59.579 18852.5 1697290 4 6 3200 0.25 0.20 0.00 C is 
58.963 0.0 1695980 2 2700 0.28 0.11 -0.25 C Is 

[59.626] 18852.5 1695980 4 4 530 0.028 0.022 -0.95 C ls 

48. 3d":'4p 20 _ 2pO 91.085 471400 1572270 10 6 380 0.028 0.084 -0.55 C 4 

91.009 475200 1573990 6 4 340 0.O?8 0.050 -0.78 C is 
91.273 473210 1568820 4 2 370 0.023 0.028 -1.03 C Is 

[90.845J 473210 1573990 4 4 38 0.0047 0.0056 -1.73 0 is 

49. 3d-4J 2D _2Fo 76.099 474400 1788470 10 14 6900 0.84 2.1 0.92 C 1,3 

76.152 475200 1788360 6 8 7000 0.81 1.2 0.69 C 3 
76.022 473210 1788620 4 6 6600 0.86 0.86 0.54 C 3 

[76.137J 475200 1788620 6 6 390 0.034 0.051 -0.69 E 1 

50. 3s 3pCPO)3d- 4Fo _ 4G 

3s3pCPO)4J 

72.796 10 12 7900 0.75 1.(1 Q.OO :} 

73.08' 8 10 5000 0.50 0.96 0.60 0 3 
72.95 6 8 5100 0.54 0.78 0.51 0 3 

51. 4.,-4}, 25 2po 728.60 1435020 1572270 2 6 29 0.69 3.3 0.14 D 1 

[719.58] 1435020 1573990 2 4 30 0.46 2.2 ~0.04 0 1 
[747.38] 1435020 . 1568820 2 2 26 0.22 1.1 -0.36 I 

52. 4p-4d 2pO _ 20 803.21 1572270 1696770 6 10 39 0.63 11 0.58 D I 

[811.03J 1573990 1697290 4 6 39 0.57 6.1 ·0.36 J) I 
P~()·41J l!.lbtm:w Ib~5~~U ~ 4 ::$5 U.b5 3.4 U.II IJ I 

[819.74J 1573990 1695980 4 4 6.3 0.063 0.68 -0.60 J) 1 

53. 4d-4J 20 --' 2FO 109} 1696770 1788170 10

1 

14 7.2 0.18 ().5 0.26 D I 

[1098] 1697290 1788360 6' 3 7.1 0.17 :U 0.01 J) 1 

[1079J 1695980 1788620UJJ (J.9 n.w 2.h -0.14 0 I 

[1095J 1697290 1788620 (, (J 0.47 I 0.0084 0.18 -1.30 J) 1 

" The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 
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Fe xv 

Ground State 

Ionization Potential [456J eV = [3678000J cm- I 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

38.95 11 70.054 20 
52.911 10 70.224 28 
59.404 19 70.519 26 

63.957 22 70.53 27 
65.370 17 70.59 27 
65.612 17 70.601 27 
66.238 17 71.062 26 
68.860 23 73.199 25 
68.884 24 73.471 29 
69.049 23 73.473 21 
69.66 18 191.40 13 
69.945 20 196.73 13 
69.987 20 224.76 12 

Results of several accurate theoretical calculations are available 
for in-shell (n = 3) transitions in this highly ionized .member of the 
Mg isoelectronic sequence. Cheng and Johnson [lJ have used a 
relativistic multi· configuration Hartree·Fock (MCHF) approach to 
determine line strengths for several transitions of the 3s 2-3s 3p and 
3s3p-3p2 arrays. Weiss [2] has performed superposition-of
configurations (SOC) calculations in intermediate coupling to deter
mine line strengths for numerous transitions within the n = 3 shell, 
and his results are tabulated here for several transitions not treated 

in ref. [1]. 

We note that, with the exception of the 3s2 IS-3s3p 3P~inter
combination line, the results of Aymar and Luc-Koenig [3] obtained 
by introducing relativistic effects via a parametric potential method. 
are in very good. agreement with the data tabulated here. Multiplet 
strengths which include the effects of configuration interaction have 
been calculated by Froese [4J and by Crossley and Dalgarno [5] in 
the Hartree-Fock and Z-expansion approximations, respectively, for 
many additional an = 0 transitions, but they are not tabulated 
here since the wavelengths are unknown at this time. 

The j-values of the 3s2 IS - 3snp IpO (n = 4,5) transitions 

calculated by Shorer et al. [6] in the relativistic random phase 
approximation (RRP A) are quoted here, and their results for the 
3s 2-3s 3p transitions are in good agreement with those of ref. [1]. 

The multiconfiguration results of Kastner et at. [7] in inter
mediate coupling have been tabulated for a number of 3p3d-3p4J 
transitions. Data for additional lines involving electrons which oc
cupy orbitals of principal quantum number n = 4 are from the 

J. PhY$. Chem. Ref, Data, Vol. 10, No.2, 1981 

Wavelength (A) No. Wavelength (A) No. 

227.21 12 312.55 4 

227.70 12 317:62 3 
233.07 12 321.02 .3 

234.76 12 323.57 7 
235.27 12 327.03 4 
243.80 15 417.24 1 
284.15 2 435.20 5 
292.36 3 470.26 5 
302.45 3 481.52 6 
303.40 14 493.63 5 
305.00 3 
305.88 14 
307.78 3 

Hartree-Fock-Slater (HX) results of Cowan and Widing [8] and 
Fawcett et a1. [9]. (Thef-value for the 3s3p 3p~-3s3d 3D3 transi
tion has also been taken from ref. [8J.) Froese Fischer [10] has 
calculated oscillator strengths in a nonrelativisticMCHF scheme for 
a few D-Fo multiplets. Her J-value of 0.90 for the 
multiplet could not be directly compared to the results of Cowan and 
Widing, since they have published gf-values for only the strongest 

lines of the multiplet. 
A single connguration approximation has been applied by Burk

halter et al. [11] to the calculation of A -values for several inner-shell 
transitions. Because of the neglect of correlation effects, we have not 

tabulated these data. 
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rRANSITIONPROBABILITIESFOR IRON, COBALT, AND NICKEL 423 
Fe xv: Allowed transitions 

No~ 
Transition 

Multiplet ;\(A) E;(cm- I
) Edcm- I) AdI08s- l ) jk S(at.u.) log gf 

Accu-. 
Source g; gk 

array racy 

l. 3s2-3s3p IS _ 3pO 

417.24 0 239670 1 3 0.41 0.0032 0.0044 -2.49 D 1 

2. IS _.ipO 284.15 0 351930 1 3 220 0.80 0.75 -0.10 C 1 

3. 3s3p-3p2 spo _ 3p 306.67 246900 572980 9 9 179 0.252 2.29 0.356 C+ 1 

305.00 253820 5817Hi 5. 5 127 0.177 0.891 -0.052 C+ 1 
307:78 239670 564580 3 3 49.1 0.0697 0.2i2 -0.679 C+ 1 
321.82 253820 564580 5 3 71.1 0.0663 0.351 -0.480 C+ 1 
317.62 239670 5545io 3 1 177 0.0893 0.280 -0.572 C+ 1 
292.36 239670 . 581710 3 5 44.6 0.0952 0.275 -0.544 C+ 1 
302.45 233950 564580 1 3 69.3 0.285 0.284 -0.545 C+ 1 

4. 3pO _ iD 

327.03 233820 339610 5 5 20 0.032 0.17 -0.80 C 1 

312.55 239670 559610 3 5 II 0.027 0.083 -1.09 D 1 

5. IpO _ 3p 

[435,20J 351930 581710 3 5 4.7 0.022 0.096 -1.17 D 1 
[470.26J 351930 564580 3 3 0.084 2.8(-4)" 0.0013 -3.08 D 1 
[493.63J 351930 554510 3 1 0.64 7.8(-4) 0.0038 -2.63 D 1 

6. IpO _ ID 481.52 351930 559610 3 5 15.5 0.0896 0:426 -0.571 C+ 1 

7. Ipo _ IS 323.57 351930 660980? 3 1 202 0:105 0.337 -0.50 C 2 

8. 3s3d-3p3d :iO _ 3Fo 383.98 680360 940790 15 21 48.8 0.151 2.86 0.355 C 10 

9. ID - If<> 5 7 0.378 0.276 C 10 

10. 3s 2-3s4p IS _ Ipo 52.911 0 1889970 1 3 2940 0.370 0.064 -0.432 C 6 

11. 3s 2-3s5p IS _ IpO 38.95 0 2567000 I 1 3 1690 0.115 0.0147 ~0.94 C 6 

12. 3s3p-3s3d :ipo _ 30 230.70 246900 680360 9 15 238 0.316 2.16 0.454 C 2,8 

233.87 253820 681410· 5 7 239 0.274 1.05 0.137 C 8 
227.21 239670 679790 3 5 180 0.233 0.522 -0.156 C+ 2 
224.76 2~~9!lO fi7RHhO 1 3 138 0.314 0.232 -0.501 C+ 2 

234.76 253820 679790 5 5 54.5 0.0450 0.174 -0.648 C+ 2 
227.70 239670 678860 3 3 99.0 0.0769 0.173 -0.637 C+ 2 

[235.27J 253820 678860 5 3 6.2 0.0031 0.012 -1.81. 0 2 

13. :ipO _ iD 

[196.73J 253820 762130 5 5 0.11 6.5(-5) 2.1(-4) -3.49 D- 2 
[191.40J 239670 762130 3 5 3.0 0.0028 0.0052 -2.08 D 2 

14. ipo _ 30 

303.40 351930 679790 3 5 0.14 3.2(-4) 9.6(-4) -3.02 [) 2 
[305.88J 351930 678860 3 3 0.24 3.3(-4) 0.0010 -a.oo D 2 

15. Ipo ~ il) 243.80 351930 762130 3 5 419 O.62:~ 1.50 O.~72 C+ 2 

i 
16. ! 3 2:'3 3d p p 10 _ IFo 5 7 0.2:12 O.OM C 10 
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""e X V: Allowed . transitions-Continued 

. -'f' .. :: /.t,', ~ .: :\·~':z·:~:;.:r ··~:"/ "'-

: 

; l;-'f •• ili4,.J, I 
A(A) E;(cm- I

) 
Accu· 

It I Multiplet E.(cm- 1) gi glt A.,(108s- 1) tit S(at.u.) log gf Source 
l joll<1~ rac), 

··,',·; .• cc.·. · " .,--.. : ~ ,:.. , ., ...... '"' .. , ......... --
17. 3~3p-3s4s 3pO _ :IS 65.930 246900 1763670 9 3 2800 0.061 0.12 -0.26 0 8 

66.238 253820 1763670 5 3 1600 0.062 0.068 -0.51 0 8 
65.612 239670 1763670 3 3 980 0.063 0.041 -0.72 0 8 
65.370 233950 1763670 1 3 320 0.062 0.013 -1.21 D 8 

18. IpO _ IS 69.66? 351930 1787000? 3 1 1900 0.047 0.032 -0.85 0 B 

19. 3s3p-3s4d IpO _ 10 59.404 351930 2035320 3 5 3400 0.30 O.i8 ~0.05 C 8 

20. 3s3d-3s4J 3D _ :IFo 

70.054 681410 2108880 7 9 8800 0.83 l.3 0.76 C 8 
69.987 679790 2108630 5 7 7900 0.81 0.93 0.61 C 8 
69.945 678860 2108550 3 5 7400 0.91 0.63 0.44 C 8 

21. 10 _ IFo 73.473? 762130 2123170 5 7 6100 0.69 0.83 0.54 C 10 

22. 3p2-3s4J 10 _ IFo [63.957] 559610 2123170 5 7 2300 0.20 0.21 0.00 0 10 

23. 3p3d-3p4J 3Fo _ 3e 

68.860 949660 240Z1lU 9 11 9200 0.80 1.6 0.86 C 7 

69.049 938190 2386710 7 9 6500 0.60 0.95 0.62 D 7 

24. :IFo _ :IF 

68.884? 938190 2389900? 7 9 2200 0.20 0.32 0.15 0 7 

25. IFo - Ie 73.199 7 9 8800 0.91 1.5 0.80 C 7 

26. :IDo - :IF 

71 .062 7 9 520Q 0.51 0.83 0.55 D 7 
71.062 3 5 6400 0.81 0.57 0.38 C 7 

27. :100 _:10 

70.59 7 7 1700 0.13 0.21 -0.04 C 9 
70.53 5 5 3100 0.23 0.27 0.06 0 9 
70.53 7 5 260 0.014 0.023 -1.01 0 9 
70.601 5 7 4500 0.47 0.55 0.37 0 7 

28. :Ipo _ :10 

70.519 3 5 4400 0.55 0.38 0.21 C 7 
70.224 1 3 4100 0.91 0.21 -0.04 C 7 
70.224 3 3 4200 0.31 0.22 -0.03 C 7 

29. Ipo - 10 73.471 ? 3 5 7000 0.94 0.69 0.45 C 7 

• The number in parentheses following the tabulated vaiue indicates the power of ten by which this value has to be multiplied. 

J ; Phv" Chem. Ret. Data, Vol. 10, No.2, 1981 



TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

Fe XVI 

425 

Ground State 

'Ionization Potential 489.5 eV = 3947840 cm-1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (.A) No. 

36.749 3 48.979 II 
36.803 3 50.350 2 
39.827 8 50.555 2 
40.153 8 ,54.142 6 
40.163 8 54.728 6 
40.199 14 54.769 6 
40.245 14 62.879 5 
40.247 14 63.719 5 
41.095 13 66.263 10 

41.137 13 66.368 10 
4Ll7 13 66~393 10 

41.91 7 76.299 9 
42.30 7 76.502 9 

46.661 ' 12 76.796 9 
46.718 12 96.245 23 
46.725 12 96.354 23 
48.883 11 96~364 23 
48.97 11 117.15 16 

Oscillator strengths have been computed for a great many transi
tions of this highly ionized member of the sodium isoelectronic 
sequence. 

Kim and Cheng [1 J have applied the rclativiatie aingle

configuration Hartree-Fock method to the calculation off-values of 
individual lines for all cases in which the valence electron undergoes 
a ,transition of the type nl 2L - nil' 2L' (n, n' = 3,4). 

Froese Fischer [2J has calculated/-valueS for a few inultiplets of 
this type by using' the nonrelativistic, multicOIiliguration Hartree
F ock approach, and her results are in very good agreement with the 
;multiplet oscillator strengths derived from the results of ref. [l]. 

Biemont[3] has computed a large number of Hartree-Fock [
values; because of the small ,correlation expected in the Na se
quence, these results are expected to be quite accurate. 

Tull et a1. [4J have computed a large number of oscillator 
strengths for Fe XVI by using the frozen-core HF approximation, of 
which we have included some strong transitions arising from 3d and 
1d states. Relativistic correotions 'io the theoretieul wuvelengths 

have been used in their calculation. 

Wavelength (.A) No. Wavelength (A) No. 

ll7.70 16 335.407 1 
123.46 19 360.798 1 
124.61 19 684.74 17 

'124.70 19 718.08 17 

143.99 22 724.74 17 
144.18 22 843.38 15 
144.25 22 904.90 15 
146.2 18 1411 25 
148.0 18 1483 25 

167.48 21 1496 25 
167.84 21 1652 20 
168.61 21 1672 

I 

20 
251.0:i8 4 1600 20 

262.967 4 1690 24 
265.007 4 1813 24 
266.62 26 
266.96 26 
267.04 26 

Froese Fischer [5J has parametrized additional Hartree-Fock data 
of Biemont, obtaining fits with errors of 1-2% over the'isoelectronic 
sequence. 

Burkhalter ot al. [6] have publi3hcd gA-v6.luca for 'nUIncr~U3 
transitions involving excitation of a core (2p) electron. We have not 
tabuJated these 'data, however, since the authors apparently have not 
taken configuration interaction into account. 
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No. 
Transition 

Multiplet A(A) A:(cm- I
) 

array 

1. 3s-3p 2S _ 2pO 313.17 0 

335.407 0 
360.798 0 

2. 3.~-4p 2S _ 2pO 50.418 0 

50.350 {) 

50.555 0 

3. 3s-5p 25 _ 2pO 36.767 0 

36.749 0 
36.803 0 

4. 3p-3d 2pO _ 20 259.0} 291150 

262.967 298140 
251.058 277160 
265.007 298140 

5. 3p-4.~ 2pO _ ~S 63.136 291150 

63.719 298140 
62.879 277160 

6. 3p-4d 2pO _ 20 51.535 291150 

54.728 298140 
54.142 277160 
54.769 298140 

7. 3p-5.~ 2pO _ 25 12.18 291150 

42.30 298140 
41.91 277160 

8. 3p-Sd 2pO _ 20 10.015 291150 

40.153 298140 
39.827 277160 

[40.163J 298140 

9. 3d-4p 20 _ "po 76.560 677210 

76.502 678420 
76.796 675470 

[76.299J 675470 

10. 3d-4f 20 _ 2rO 66.327 677210 

66.368 678420 
66.263 675470 

[66.393J 678420 

11. 3d-5p 20 _ 2pQ 18.957 6772,10 

48.97 678420 
[48.979J 675470 
[ 48.883J 675470 

12. 3d-Sf 20 _ 2Fo 16.695 677210 

46.718 678420 
46.661 675470 

[46.725 678420 
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Fe XVI: Allowed lransiliolls 

~-

A~(cm-I) I{, 

291150 2 

298140 2 
277160 2 

1983110 2 

1986100 2 
1978040 2 

2719830. 2 

2721160 2 
2717170 2 

677210 6 

678420 4 
675470 2 
675470 4 

1867530 6 

1867530 4 
1867530 2 

2121850 6 

2125360 4 
2124080 2 
2124080 4 

2662000 6 

2662000 4 
2662000 2 

2788370 6 

2788610 4 
2788020 2 
2788020 4 

1983110 10 

1986100 6 
1978040 4 
1986100 4 

2181930 10 

2185170 6 
2184610 4 
2184610 6 

2719830 10 

2721160 6 
2717170 4 
2721160 4 

2818780 10 

2818920 6 
2818590 4 

2818590 6 

6 

4 

2 

6 

4 

2 

6 

4 

2 

10 

6 
4 

4 

2 

2 
2 

A" (lO"s-l) 

----. 

H.8 

HO.6 

61.1 

1890 

1850 

1970 

1150 

ll50 
1100 

170 

163 
156 
26.5 

3230 

2170 
1050 

10 4 150 

6 
4 

4 

4160 
3410 

698 

1380 

2 
2 

10 2 

910 
468 

490 

6 
4 

4 

2470 
2110 

6 

4 

2 
4 

14 

8 
6 9 
6 

6 

4 
2 
4 

14 3 

8 
6 3 
6 

410 

750 

668 
769 

74 

1.00(+4)" 

1.00(+4) 
360 
667 

290 

260 
280 

29 

740 

730 
490 

250 

, 

/;k S(at.u.) log gf Accu-
Source 

ICl\,;Y 

0.397 0.898 -0.100 B 1 

0.272 0.601 -0.264 B I 
0.125 0.297 -0.602 B 1 

0.217 0.0719 -0.363 B 1 

0.141 0.0467 -0.550 B 1 
0.0756 0.0252 -0.820 B 1 

0.0697 0.0169 -0.856 C+ 3 

0.0467 0.0113 -1.030 C Is 
0.023 0.0056 -1.34 0 Is 

0.285 1.46 0.234 B 1 

0.254 0.880 0.007 B 1 
0.294 0.486 -0.231 B 1 
0.0279 0.0974 -0.952 B 1 

0.0649 0.0813 -0.410 B I 

0.066) 0.0555 -0.578 B 1 
0.0622 0.0258 -0.905 B 1 

0.308 0.332 0.267 B 1 

0.280 0.202 0.049 B 1 
0.300 0.107 -0.222 B 1 

0.0314 0.0226 -0.901 B 1 

0.0123 0.0102 -1.132 C+ 3 

0.012 0.0068 -1.311 C Is 
0.0123 0.00340 -1.61 C Ls 

0.0996 0.0788 -0.224 C+ 3 

0.089 0.0473 -0.446 C Is 
0.100 0.0263 -0.70 C Is 
0.010 0.0053 -1.40 0 Is 

0.0397 0.100 -0.401 C I 

0.0391 0.0591 -0.630 B 1 
0.0340 0.0344 -0.866 B 1 
0.0065 0.0065 -1.59 0 1 

0.925 2.02 0.966 B 1 

0.882 1.16 0.724 B 1 

0.924 0.806 0.568 B I 
0.0441 0.0578 -0.577 B I 

0.0062 0.010 -1.21 D 3 

0.0062 0.0060 -1.43 0 Is 
0.0051 0.0033 -1.69 0 is 

0.0010 6.7(-4) -2.38 E is 

0.171 0.263 0.233 C+ 4 

0.163 0.150 -0.01l C Is 

0.171 0.105 -0.165 C Is 

0.0081 0.0075 -1.31 D Is 
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Fe XVI: AUowed transitions-Continued 

'<-" 

No. 
Transition 

Multiplet )..(A) f..~(cm-:I) Edcm- I ) Aki (108s":'I) jk 8 (at.u.) log gf 
Accu-

Source g; gk 
array racy 

13. 3d-6p- 20 _ 2pO 41.139 677240 3108030 10 6 140 0.0022 0.0030 -1.66 0 4 

41.17 678420 3108870 6 4 130 0.0022 0.0018 -1.88 D Is 
[41.137J 675470 3106360 4 2 150 0.0018 0.0010 -2.13 0 Is 
[41.095] 675470 3108870 4- 4- 15 3.7(-1) 2.0(-1) -2~83 E 1& 

-14. 3d-6f 2D _ 2Fo 40.227 677240 3163150 10 14 1860 0.0633 0.0838 --0.199 C+ 3 

40.245 678420 3163200 6 8 1860 0.060 0.0479 "':'0.442 C Is 
40;199 675470 3163090 4 .6 ,1740 0.063 0.03-35 ' -0.60 C Is 

[40.247J 678420 3163090 Q 6 120 0.0030 0.0024 -1.74 0 Is 

. 15. 4s-:-4p ·s -:_ "P" 662.96 1867530 1963410 2 (j 17.1 0.574 3.26 0.060 D- 1 

[843.38) 1867530 1986100 2 4 18.4 0.393. 2.18 ";'0.105 B 1 
[904.90J 1867530 1978040 2 2 14.8 0.182 1.08 -0.439 B 1 

16. 4.~-5p 25 ~ 2pO 117.33 1867530 2719830 2 6 392 0.243 ' 0.188 -0.313 C+ 3 

[117.15] 1867530 - 2721160 2 4 394 0.162 0,125 -0.489 C Is 
[117.70] 1807530 2717170 2 2 390 0.081 0.063 -0.79 D is, 

_17. 4p-4d 2pO _ 20 707.01 1983410 2124850 6 10 36.2 0.453 6.32 0.434 . B 1 

[718.08] 19-86100 2125360 4 6 34.7 0.402 3.80 0.206 B 1 
[684.74] 1978040 2124080 2 4 33.1 0.466 2.10 -0.031 B I 
[724.74] 1986100 2124080 4 4 5.60 0.0441 0.421 -0.754 B 1 

18. 4p-5s' . ~P" -'S 117Jl. 198.HI0' 2002000 0 2 976 0.100 0.309 -0.197 C+ ;3 

[148.0] 1986100 2662000 4 2 640 0.106 0.206 -:0.374 C L~ 

[146.2] 1978040 2662000 2 2 334 0.107 0.103 ~0.67 C Is 
-~ 

19. 4p-5d 2pO _ 20 -124.23 1983410 2788370 6 10 711 0.274 0.672 0.216 C+ 3 

[124.61] 1986100 2788610 4 -6 700 0.246 0.403 -0.008 C Is 
[123.40] 1978040 _2788020 2 4 600 0.276 0.224 -0.259 -C is 

[124.70] 1986100 2788020 4 4 120 0.027 0.045 -0.96- D Is 

20. 4d-4f 2D _ 2Fo 1661- 2124850 2184930 10 14 1.9 0.11 6.0 0.04 C 1 

[1672] 2125360 2185170 6 8 1.86 0.104 3.43 -0.205 ' B I 
[1652] 2124080 2184610 4 6 1.81 0.111 2.41 -0.353 B 1 
[1688] 2125360 2184610 6 i6 0.12 0.0052 0.17 -1.51 D 1 

21. 4d-5p 2D _ 2pO 168.07 2124850 2719839 10 6 357 0.0907 0.502' -0.042 C+ 3 

[167.84] 2125360 2721160 6 4 322 0.091 0.301 -0.264 C Is 
[lo8.CH] 2124080 2717170 4 2 353 0.075 0.107 -0.52 C is 
[167.48] 2124080 2721160 41 4 36 0.Oi5 0.033 -1.22 0 Is 

22. 4d-5f 2D _ 2Fc 144.11 2124850 2818780 10 14 1670 0.726 3.44 0.861 C+ 4 

[144.18] 2125360 2818920 6 8 1660 0.69 1.97 0.62 C Is 
[143.99] 2124080 2818590 4 6 1560 0.73 U8 0.464 C Is 
[144.25] 2125360 2818590 6 6 110 O'()34 0.098 --0.69 D Is 

23~ 4d-6f 2D _ 2Fc 96.311 2124850 3163150 10 14 919 0,179 0.568 0,253 C+ 4 

[96.354] 2125360 3163200 (, 8 920 0,171 0.325 0.011 C is 
[96.245] 2124080 3163090 4 6 860 0.179 0.227 -0.145 C LI 
96.364 2125360 3163090 6 6 60 0.0084- \ 0.Ol6 -1.30 D Is 
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Fe XVI: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A) A:(cm- ' ) Edcm-
'
) Adl08s- 1) f;k S(at.u.) log gf 

Accu· 
Source 

array 
gi gk 

racy 

24. 5.~-5p 2S _ 2pO 1729 2662000 2719830 2 6 5.23 0.703 8.00 0.148 C+ 3 

[1690] 2662000 2721160 2 4 5.6 0.48 5.3 -0.02 C Is 
[1813] 2662000 2717170 2 2 4.6 0.23 2.7 -0.34 0 Is 

25. 5p-5d 2pO _ 2D 1159 2719830 2788370 6 10 11.0 0.586 16.9 0.546 C+ 3 

[1483] 2721160 2788610 4 6 10.5 0.52 10.1 0.316 C Is 
[1411] 2717170 2788020 2 4 10 0.60 5.6 0.08 C Is 
[1496] 2721160 2788020 4 4 1.7 0.056 1.1 -0.65 D Is 

26. 5d-6f 20 _ 2rO 266.82 2788370 3163150 10 14 432 0.646 5.67 0.810 C+ 3 

[266.96J 2788610 3163200 6 8 431 0.61· 3.24 0.57 C Is 
[266.62J 2788020 3163090 4 6 404 0.65 2.27 0.413 C Is 
[267.04J 2788610 3163090 6 6 28 0.030 0.16 -0.74 0 Is 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Fe XVII 

Ground State 

lonization Potential 1266 eV = 10210000 em-I 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. Wavelengtn (A) No. Wavelength (A) No. 

10.660 52 49.6 98 57.9 95 102.1 7 
10.77l 51 49.7 98 58.1 89 102.4 16 
11.03 33,34 50.l 104,112 58.8 119 103.0 16 
11.130 48 50.2 101,103, 61.3 91 103.3 16 
11.251 47 106 62.1 92 104.8 4 
11.419 46 50.26 102 66.1 97 107.7 19 
11.440. 45 50.3 104 66.4 120 108.3 21 
12.121 44 50.4 101 66.7 120 110.0 9 
12.263 43 50.6 110 68.1 122 110.4 9 
12.4 42 50.7 105 68.7 121 lll.l 3 
12.509 41 50.8 102,115, 94.8 5 111.2 10 
12.681 40 116 95.3 2 Ill.7 26 
13.824 32 50.9 110,115 95.8 13 111.8 26 

13.889 31 51.1 107 96.5 5,15 112.1 25 
15.013 39 51.2 107,109 96.9 5 112.3 14 

15.259 38 5i.3 107 98.6 12 112.6 18 
1::'.449 37 !3I.!j 110 96.8 6,17 113.0 18 

16.769 36 52.8 III 99 6 113.2 18 

17.041 35 52.9 87,93 99.0 1 113.3 20 

41.37 123 53.6 114,118 99.6 8 113.7 6,10,20 
46.6 64 53.8 101 99.7 12 116.2 23 

47.1 100 . 55.8 93 99.8 24 122.4 22 

47.5 66 55.9 87 99.9 14 122.7 22 

47.6 65 56.2 89 100.0 12,24 132.4 II 

47.8 65 56.4 117 100.2 29 205.3 57 
48.3 108 56.7 90,94 100.6 30 217.5 75 

48.7 68 56.8 96 100.7 27,28 232.1 78 

49.0 67 57.3 88 100.8 14 247.0 70 

49.3 99 57.5 88 101.2 7,26 255.0 62 
49.5 98,113 57.6 91,94 101.6 28 255.9 84 
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List of tabulated lines-Continued 

_.-

Wavelength (A) No. W av~length (A) No. 

260.8 69 286.4 83 

264.4 56 287.8 77 
267.0 73 288.2 83 

269.4 73 288.3 82 
27? f) .nQ ?ft<L,) 74 

·274.6 79 292.5 72 

277.2 72 292.6 81 

278.3 69 ·295.8 72 
281.0 86 298.9 80 
283.1 71 302.3 83 

284.0 77 314.7 55 

. Transition probabilities for the majority of the lines of this neon

like ion were taken from the results of the scaled Thomas~Fermi 
. approach of LOliler~e and Nussbaumer [l J. which allows for exten
sive configuration interaction as well as spin-orbit coupling. 

For the resonance transitions to I = 1 levels of the 2ps3s and 
2ps3dconfigurations, we have selectedther~sults of the relativistic 
landom phase approximation (RRPA) calculations of Shorer [2], 

who has included mixing between 2p 53s and 2p 53d as well as 

correlation effects due to configurationshavllig a vacancy in the Is 
or2s subshell. HiS calculations for this sequence provide an illustra-

·tive example. of the rather drastic changes due to configuration 
. ~teraction that can result in the values of oscillator . strengths of 
heavy ions. The single-configuration relativistic Hartree-F ock"results 
tlfFielder et al. [3J for the same resonance transitions differ 
significantly (by 35-75. percentt in three of the five cases from the 

values obtained by Shorer. The multiconfiguration J)irac~Fock 
method of Cheng and Kim [4J which includes the effects of mixing 
b~tWeen the 2p 53s and 2p53d configurations yields oscillator 
strengths for the two resonance transitions to I = 1 levels of 2p 53s 
which are in much better agreement with Shorer's results than are 
lllO:5e of lef. [OJ. SllOn~r lwil::;elf illwslrC1le:5 by nwuel·i\;all.;ompal·bou 

the effects of including· various configurations· in his calculations. 

Wavelength (A) No. Wavelength (A.) No. 

316.3 76 379.0 58 

320.5 85 386.6 55 
. 322.4 85 396.9 54 

326.2 76 403.0 60 
.~~2_9 76 404.2 63 
345.9 55 410.9 63 

364.6 58 420.6 60 

373.9 61 448.8 59 

375.2 63 450.9 53 

376.9 54 484.4 71 

Results of the model potential calculations of Crance [5J have 

been tabulated for other resonance transitions to 2p 5ns and 2p 5nd 
(n == 5.6). 

Fawcett et a1.[6] have used Cowan's Hartree-XR (i. e., allowing 

for statistical exchange and relatiVistic effects) and· Slater-Condon 

programs to calculate f-values for the strongest lines of the 3l-4l' 
transition arrays and for one strong 3d-51 transition. Since they 

have labeled the levels in Ill-coupling notation, while those of ~ou

lergue and. Nussbaumer are . labeled in LS -coupling· notation, an 

unambiguous comparison of their results could be made for oriIy two 
of the lines in common,. and the agreement isexcelleni. A few 
transitions treated by Fawcett et al. hut excluded from the tabulation· 
of Loulergue and Nussbaumer are presented here. 

References 
[1] Loulergue, M., and Nussbaumer, H., Astron. Astrophys. 45, 125 (1975). 

[2J Shorer, P., Phys. Rev. A 20, 642 (1979). 
[3J Fielder, W., Jr., Lin, D. 1., and Ton-That; D., Phys. Rev. A 19; 741 (1979). 

[4J Cheng, K. T., and Kim, Y.-K., Argonne National Laboratory Report 
ANL-78-65, 168 (1978). 

[5J Crance, M., At. Data 5, 185 (1973). 
L6J Fawcett, H. C., Bromage,G. K, and Hayes, R. W., Mon. Not. H. Aslron. ~. 
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Fe XVii: Allowed transiti, 

No. 
Transition 

Multiplet X(A) A: (cm- I
) Ek(cm- I ) A .. ;(108s- l ) 

Accu-
gi gk fik S(at.u.) log gf Sour. 

. array racy 

1. 2S22p\2p~i2)3s- (%,~)O _ :lS 

2s2pl>3s 

[99.0J 5 3 750 0.066 0.11 -0.48 C I 

2. (%,~)O -:- IS 

[95.3J 3 1 510 0.02:-\ 0.022 --1.l6 C 1 

3. 2s22p~fpPd3s- (~,~)O _ :15 

2s2pl>3s 

[IlLlJ 3 :~ J80 O.O:{:i nO:l7 '--1.00 C 1 

4. (~,~)O - IS 

[104.8 a 1 alO 0.017 I O.oI8 -1.29 C 1 

J. Phys. Chem. R€~f. Data, Vot 10, No. 2., 1981 



430 FUHR ET AL. 

Fe XVII: Allowed transitions-Continued 

No. 
Transition 

Multiplet A(A) E;(cm- I
) Et(cm- 1) Aki (l08S- 1) f;k S (at.u.) \oggf 

Accu· 
Source 

array 
gi gk 

racy 

5. 2.~22p53p- :IS _ :Ipe 95.6 3 9 100 0.042 0.040 -0.90 C 1 
:Z$:Zp~Jp 

[94.8] 3 5 26 0.0058 0.0055 -1.76 C 1 
[96.5] 3 3 120 0.017 0.016 -1.30 C 1 
[96.9] 3 1 390 0.016 0.016 -1.26 C 1 

6. :iD _ :ipe 

[98.8] 7 5 630 0.066 0.15 -0.34 C 1 
[99] 5 3 660 0.058 0.095 -0.54 C 1 

[113.7] 3 1 21 0.0014 0.0015 -2.39 D 1 

7. :ip _ :ipe 

[101.2] 5 5 170 0.026 0.043 -0.88 C 1 
[102.1] 3 1 400 0.021 0.021 -1.20 C 1 

8. "p _ 'pe 

[99.6] 5 3 310 0.028 0.045 -0.86 C 1 

9. 'p - "P'" 

[110.0] 3 3 190 0.034 0.037 -0.99 C 1 
[110.4] 3 1 290 0.018 0.019 -1.28 C 1 

10. '0 _ :ipO 

[111.2] 5 5 150 0.028 0.051 -0.86 C 1 
[113.7] 5 3 8.9 0.0010 0.0019 -2.29 D 1 

11. 'S _ :ipe 

[132.4] 1 3 31 0.024 0.011 -1.61 C 1 

12. 2.~22p53d- "po _ :iD 

2.~2pb3d 

[99.7] 5 7 27 0.0056 0.0092 -1.55 D I 

[l00.0] 5 5 90 0.013 0.022 -1.17 C 1 
[98.6) 3 3 96 0.014 0.014 -1.38 C I 

13. "po - 'n 

[95.8] 5 5 32 0.0044 0.0069 -1.66 D I 

14. :irO _ olD 

[99.9] 9 7 540 0.063 0.19 -0.25 C 1 

[100.8J 7 5 430 0.047 0.11 -0.48 C I 

[ll2.3J 5 3 190 0.022 0.040 -0.97 C 1 

15. :irO _ ID 

[96.5J 7 5 150 O.QlS 0.033 -0.98 C 1 

16. :ln0 _ :ID 

[103.0J 7 7 130 0.021 0.049 -0.84 C I 

[103.3] 7 5· 56 O.OOM 0.015 -1.35 D 1 

[102.4] 5 3 320 0.030 0.051 -0.82 C 1 

17. :100 - 'n 

[98.8 7 5 230 0.024 0.055 -0.77 C 1 
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Fe XV": Allowed transitions-Continued 

No. 
Transition 

Multiplet A(A) E,(cm- I
) E.(cm-1) Akj(108s- 1) fit S(at.u.) log gf 

Accu-
Source g, gt 

-array racy 

-18. 100 :- 3D 

[112.6] 5 7 51 0.014 0.025 -1.17 C 1 
[113.0] 5 5 48 0.0092 0.017 -1.34 C 1 
[113.2] 5 3 6.5 7.5(-4t 0.0014 -2;43 0 1 

19. 100 - 10 [107.7] 5 5 66 0.011 0.020 -1.24 C 1 

20. Iro _ 3D 

[113.3] 7 7 120 0.023 0.060 -0.79 C 1 
[113.7] 7· 5 49 0.0068 . 0.018 ~1.32 C 1 

21 IFo _ID [108.3] 7 5 190 0.024 0.060 -0.78 C 1. 

22. Ipo _ 3D 

[122.4] 3 5 95 1).0036 0.0043 -1.07 D 1 

[122.7] 3 3 15 0.0034 0.0041 -1.99 0 I 

23. Ipo_ 10- - [116.2] 3 5 36 0.012 0.014 -1.44 C 1 

24. 2s 22p54p- 3S _ 3po 

2s2p b4p 

[99.8] 3 3 110 0.016 0.016 -1.31 C 1 
[100.0] 3 1 460 0.023 0.023 -1.16 C 1 

25. 3D _ 3po 

[112.1] 5 5 140 0.026 0.049 -0.88 C 1 

26. 3p _ 3po 

[101.2] 5 5 170 0.026 0.043 -0.88 C 1 
[111.7] 3 3 170 0.032 0.035 -1.02 C 1 
[111.8] 3 1 290 0.018 0.020 -1.26 C 1 

27. 3p _ Ipo 

[l00.7] 5 3 280 0.026 0.042 -0.89 C 1 

28. Ip _ 3pO 

[100.7] 3 5 24 0.0061 0.0060 -1.74 C 1 
[101.6] 3 1 230 0.012 0.012 -1.45 C 1 

29. Ip _ Ipo [100.2] 3 3 250 0.038 0.037 -0.95 C 1 

30. 10 _3pO 

[100.6] 5 3 590 0.054 0.089 -0.57 C 1 

31- 2s 22pb_ IS _ 3po 

2s2pb3p 

13.889 0 7199900 1 3 3400 0.029 0.0013 -1.53 C 1 

32. IS _ IpO 13.824 0 7233800 1 3 3.3(+4) 0.28 0.013 -0.55 C 1 

33. 2s 22l'- IS _ 3po 

2s2p 64p 

11.03 0 9066000 I 3 2900 I 0.016 5.8(-4) -1.80 c 1 
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Fe XVII: Allowed transitions-Continued 

- 'c'" • J -- -< 
~.;J~.<~~ ...... _ 

t: 
N,,, · i 'fjituililm Multiplet X(A) f..:(cm- I) E1(cm- 1) Aii (108s- l ) fa ' S(at.u.) Jog gf 

Accu· 
Source gi gi: 

Mmy racy 

34. IS _ Ipo 11.03 0 9066000 I 3 2.l(+4) 0.11 0.0042 -0.94 C 1 

35. 2l"- IS -(¥.!.~W 

2psePf/2)3s 

17.041 0 5868200 1 3 9340 0.122 0.00684 -0.914 B 2 

36. 2pb_ IS _ (~,~)O 

2p5{2p?d3s 

16.769 0 5963400 1 3 8300 0.105 0.00580 -0.979 B 2 

37. 2po-Zps3d IS _ :lpO 

15.449 0 6472900 1 3 900 0.00966 4.91(-4 -2.015 B 2 

38. IS _ :IDo 

15.259 0 6553500 I 3 6.01(+4) 0.629 0.0316 -0.213 B 2 

39. IS _ Ipo 15.013 0 6660900 1 3 2.28(+5) 2.31 0.114 0.364 B 2 

40. 2l'- IS _ (~.~)O 

2psep~f2)4s 

12.681 0 7885800 1 3 3000 0.022 9.1(-4) -1.66 c I 

41. 2po- IS _ (~,~)O 

2p5(2Pfd4s 

12.509 0 7994200 1 3 3500 0.025 0.0010 -1.61 C 1 

42. 2p o-2p s4d IS _ apo 

[12.4] 1 3 530 0.0037 1.5(-4) -2.44 D 1 

43. IS _ 3Do 

12.263 0 8154600 1 3 5.9(+4) 0.40 0.016 -0.40 C 1 

44. IS _ IpO 12.121 0 8250100 I 3 8.0(+4) 0.53 0.021 -0.28 c: 1 

45. 2po- IS _ (¥.!.~)O 

2p sePf(2)5s 

11.440 0 8741300 1 3 llOO 0.0065 2.4{-4) -2.19 D 5 

46. 2po- IS _ (~,~)O 

2p SfP?I2)5s 

11.419 0 8757300 1 3' 600 0.0035 1.3(-4) -2.46 D 5 

47. 2j/'- 2psSd IS ._ aDo 

11.251 0 8888100 1 3 2.3(+4) 0.13 0.0048 -0.89 D 5 

48. IS _ IpO 1l.l30 0 8984700 1 3 3.2(+4) 0.18 0.0066 -0.74 D 5 

49. 2po- IS _ (¥.!.~)O 

2p S(2P~I2)6S 

I 3 U.UOiSiS -2.48 D :> 

2pf>_ IS _ (~.~)O 

I 3: 2p 5(2p?'2)6S 

I 0.0017 -2.77 D 5 

50. 
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Fe XVII: Allowed Ira!lsition,~Continued 

No. 
Transition 

Multiplet A(A) jem-') E, (10'.1-' ) (at.u.) log gf 
Aecu· 

Sour,ce 
array 

g, 
racy 

51 ~ 2P"-2p'6d -'0° 

10. 0 921H200 I 3 l.l( O.oW 0'()021 1.22 5 

52. 's _ 'po 10.660 0 9380900 1 3 1.9(+4) 0.096 0.0034 -1.02 0 5 

53. 2p '('P?d3s- (V"Y2)O - "s 
2p 5 3p 

[ 450.9J 5 3 25 0.046 0.34 -0.64 C 1 

;'4. I (".,,)0 -"0 

[376.9J 5 7 51 0.15 0.94 -0.12 C 1 
[396.9J ;; 5 21 0.0;'0 0.:{2 0.61 1 

55. (Y"Yz)O - "p 

[345.9J 5 5 37 0.066 0.38 -0.48 C 1 

[386.6J 3 3 45 0.10 0.38 -0.52 C 1 
[314.7 3 1 65 0.10 1.02 1 

56. (Y"Yz)O - '0 

[264.4J .5 5 1.0 0.0010 0.0046 -2.28 0 1 

57. (',,10)° - 's 

[205.3J 3 1 120 0.025 0.051 -1.l2 C 1 

58. 2po,epP'2)3s- ' ( - "0 

2p 53p 

[ 364.6J j 3 :13 0.20 0.24 -0.70 1 
[379.0J 3 3 19 0.041 0.15 -0.91 C 1 

59. I (\ - "P 

[448.8J ;) I 9.3 OJ)094 1.55 1 

60. (Yz,Yz)O - 'P 

[ 420.61 ;) 3 22 0.24 0.76 1 
[ 403.0J I 3 17 0.12 0.16 -0.91 C 1 

61. I (r",W - '0 

[373.9J :\ 5 53 0.19 0.011 -0.26 1 

62. (Yz,Yz)O - 's 

[2;);;.OJ 3 I 130 0.042 0.11 -0.90 C 1 

63. 2s2p 6 3s- "s - "po 388.2 3 9 51 0.344 1.32 0.014 C 
2s2p 63p 

[375.2J 3 5 59 0.21 0.77 -0.21 C 
[401.2J 3 :, 41 0.10 0.40 -0.,52 C 
[ 410.9J 3 1 44 0.037 0.15 -0.95 C I 

64. CI2,Yz)O 
2p54p 

46.6~ 5 7 2600 12 IU192 0.:"::: I' I, 
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Fe XVII, AUowed transitions-Continued 

No. 
Transition 

Multiplet ).(A.) E,(cm-') E.(cm-') A .. (lO·s-') fi. S(at.u.) loggf 
Accu-

Source array 
g, g. 

racy 

65. 2s2p"3s- 's _ 'po 47.6 3 9 2570 0.262 0.123 -0.105 C 1 
2s2p"4p 

[47.6] 3 5 2600 0.15 0.069 -0.35 C 1 
[47.8] 3 3 2400 0.082 0.039 -0.61 C 1 
[47.8] 3 1 2700 0.031 0.015 -1.03 C 1 

66. 's _ 'po 

[47.5] 3 3 360 0.012 0.0057 -1.44 0 1 
67. 's _ 'po 

[49.0] 1 3 400 0.043 0.0070 -1.36 0 1 

68. 's _ 'po [48.7] 1 3 2400 0.26 0.041 -0.59 C 1 

69. 2ps3p-2p 5 3d 's _ 'po 266.3 3 9 70 0.22 0.59 -0.17 C 1 

[260.8] 3 5 51 0.087 0.22 -0.58 C 1 
[272.0] 3 3 88 0.098 0.26 -0.53 C 1 
[278.3] 3 1 100 0.039 0.11 -0.94 C 1 

70. 's - 'Do 

[247.0] 3 5 2.6 0.0040 0.0097 -1.92 0 1 

71. '0 _ 3pO 

[484.4] 3 1 1.2 0.0014 0.0067 -2.37 0 1 
[283.1] 5 5 9.1 0.011 0.051 -1.26 0 1 

72. 3D _ 'Fo 

[292.5] 7 9 100 0.16 1.1 0.06 C 1 
[277.2] 5 7 100 0.16 0.74 -0.09 C 1 
[295.8] 3 5 2.3 0.0050 0.015 -1.82 C 1 

73. '0 - "DO 

[269.4] 7 7 25 0.027 0.17 -0.72 C 1 
[267.0] 5 5 45 0.048 0.21 -0.62 C 1 

74. '0 - 'Do 

[289.5] 3 5 91 0.19 0.54 -0.24 C 1 

75. 3D _ 'Fo 

[217.5] 7 7 1.6 0.0011 0.0057 -2.10 0 1 

76. 'p _ 'po 

[316.3] 5 5 33 0.049 0.26 -0.61 C 1 
[332.9] 5 3 9.5 0.0095 0.052 -1.32 C 1 
[326.2] 3 1 2.5 0.0013 0.0043 -2.40 0 1 

77. 'p _ 'Do 

[287.8] 5 7 91 0.16 0.75 -0.10 C 1 
[284.0] 3 5 74 0.15 0.42 -0.35 C 1 

78. 3p _ 'Do 

232.1 5 5 6.6 0.0053 0.020 -1.57 C 1 
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Fe XVII: Allowed transitions-Continued 

No .. Transition 
Multiplet }..(A.) E;(cm-') E.(cm- I) A.i(lO·s-l) j. S(at.u.) log gf 

Accu-
Source gi g. 

array racy 

79. Ip _ 'Fo 

[274.6] 3 5 110 0.21 0.56 -0.21 C 1 

80. 'D - 'Fo 

[298.9] 5 5 13 0.017 0.086 -1.06 C 1 

81. 'D - 'Do [292.6] 5 5 11 0.014 0.068 -1.15 C 1 

82. 'D - IFo [288.3] 5 7 110 0.19 0.91 -0.02 C 1 

83. 2s2po3p- 'po - 'D 

2s2po3d 

[302.3] 5 7 100 0.19 0.95 -0.02 C 1 
[288.2] 3 5 81 0.17 0.48 -0.30 C I 
[286.4] I 3 66 0.24 0.23 -0.61 C I 

84. 'po _ 'D 

[255.9] 3 5 14 0.023 0.058 -1.16 C I 

85. Ipo _ "D 

[320.5] 3 5 4.7 0.012 0.038 -1.44 C I 
[322.4] 3 3 3.8 0.0059 0.019 -1.75 C I 

86. 'po _ 'D [281.0] 3 5 120 0.24 0.66 -0.15 C I 

87. 2p 53p- '5 _ (~,~)O 

2pseP~nl4s 

[55.9] 3 5 670 0.052 0.029 -0.80 C I 
[52.9] 3 3 56 0.0023 0.0012 -2.15 D 1 

88. 'D - (~,Y.i)O 

[57.3] 7 5 1700 0.060 0.079 -0.38 C I 
[57.5] 3 3 420 0.021 0.012 -1.20 C 1 

89. 'p - (~,Y.i)O 

[58.1] 5 5 740 0.037 0.036 -0.73 C I 
[56.2] I 3 120 0.017 0.0032 -1.77 D 1 

90. 'p - (~,Y.i)O 

[56.7] 3 3 560 0.027 0.015 -1.09 C I 

91. 'D - (~,Y.i)O 

[61.3] 5 5 II 6.2(-4) 6.3(-4) -2.51 D I 
[57.6] 5 3 2100 0.063 0.059 -0.50 C I 

92. '5 - (¥.i,Y.i)O 

[62.1] I 3 370 0.064 0.013 -1.19 C I 

93. 2p'3p- '5 - (Y.!,Y.i)O 

2p 5ep?d4s 

[55.8] 3 3 55 0.0026 0.0014 -2.11 D I 
[52.9] 3 I 74 0.0010 5.4(-4) -2.51 D I 
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Fe XVII: AUowed transitions-Continued 

Transition 
Multiple! A(A) t~(cm-I) (em-I) A" (IO"SI) j. S(at.u.) log gf 

Accu· 
Source 

array racy 

94, '0 - (V"v,jO 

[56,7] 5 :1 0.026 0.025 -0.88 
[57.6] 3 1 2300 0.038 0.022 -0.94 C 1 

I 'p (V,,'/,)O 

[57.9] 5 3 1000 0.030 0.029 -0.82 C 1 

96. Ip (V"v,jO 

[56.8] 3 I 0.021 0,012 -1.20 

97. IS (V,,~W 

[66.1J I 3 0,057 0.012 -1.24 

98. 2p"3p-2p 54d 's _ 'po 49.5 3 9 2470 0,272 0.133 -0.088 

[ 49.5J 3 5 0.12 0.060 -0,43 

[49.6J 3 3 3900 0.14 0.070 -0.36 C 1 
[49.7] 3 1 0.0063 0,0031 -1.72 

99. 's - 'D° 

[ 493] 3 5 0,0029 0.0014 -2.06 

100. 's - 10° 

[47.1] 3 5 140 0,0078 0,0036 -1.63 

101. '0 _ 'po 

[50.4] 5 3 570 0.013 03111 -1.19 
[53.8] 3 0.00:39 0.0021 -1.93 0 1 
[50.2] 5 5 480 0.018 0.Ql5 -1.04 

102. '0 - 'Fo 

50.26 7 9 5800 0,28 0.33 0,30 C 

[50.8J :1 S 0.0052 0.0026 -1.80 

13D IFa 

[50.2] ;, 7 4500 0.24 0.20 0.08 

104. 'II 'D° 

[50.3] 7 7 1000 0.038 0.044 -0.58 C 1 
[50,1] 5 5 1600 0.060 0.050 -0.52 C 1 

105. "0 - IDo 

[50.7] 3 5 4800 0.31 0.15 -0.03 C 1 

106. JO _ 'p0 

[50.2] 3 3 830 0.031 0.016 1.03 C 1 

107. 3p _ 

[51.2] 5 5 2500 0.098 0.083 -0.31 C 1 
[51.3] 5 3 860 0.020 0.017 -0.99 C 1 
[51.1] 3 1 260 0.0034 0.00.17 1.99 0 1 
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No. 

'08. 

W9. 

j 10. 

11. 

112. 

113. 

j 14. 

115. 

116. 

117. 

118. 

119. 

120. 

TRANSITION PROBABILITIES FOR IRON, COBALT, AND E 

[5 

[50.6J 

iJ 

[52 

iD _ 

[5:1.6J 

iO _ 

[50.8J 
[50.9J 

'i[) - 'D° [50.8J 

's - "Do 

[56.4J 

's _ 'po [53.6J 

:~Fo - :-1C 

58.8 

- :'Fo 

[66.7J 

08.' 

"po 68 

Fe X\:H: Allowed trrmsitiolls-Continued 

5 7 

5 7 

3 5 

3 

3 5 :iO 

3 5 

3 3 

5 5 40 

5 7 
5 5 830 

5 5 610 

3 

3 2S00 

C; Ii 

2.20 

0.0017 (i.001S -2.06 

O.:i] 

0.032 
0.26 

Ci.027 

0.057 

0.20 

79 

-;).93 

0.96 

I 
I;: 

C 
C 

D 

c 

c 

D 

C 
C 

C 
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Fe XVI 

Ground State 

Ionization Potential [1353] eV = [10913000] cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A.) 

11.25 

11.33 
11.'14 

11.45 

11.50 
11.55 

11.64 

12.00 
12.15 

13.43 

13.49 
13.51 

13.52 

13.56 
13.61 

13.68 

No. 

27 
24 

25 
24,26 

22 
23 

22 
12 

12 

7 

6 

5 

6 

13. 

13.75 
13.92 

13.954 

14.07 
14.11 

14.12 
14.150 

14.20 

14.255 
14.28 

14.31 

14.32 
14.361 

14.42 

14.467 

Oscilla tor strengths for lines the multiplet 

No. 

5 

21 

3 

20 

19 
3,18 

2 
3,I7 

20 

19 

2s 2p 6 2S are the results of the multiconfiguration Dirac-Fock 
(MCDF) caleulations of Cheng et al. which include a per
turbative treatment of the Breit interaction and the Lamb shift. 

Data for transitions from the levels of the 2s 2p 5 2pO term to 
of configurations involving electron in n 3 shell are 
from the comprehensive calculations of Chapman and Shadmi [2], 

p.rrml.~w'o1 Hartree·Fock wavefunctions the prineipal 
configuration mixing and calculated individual oscillator strengths in 
intermediate eoupling. 

The determined and energy levels for 
the 2p-3s and 2p-3d transitions presented here are taken from 
work Feldman et at [3} In some cases, however, we have 
permuted the "names" of the levels to coincide with those suggested 
by the percentage compositions given by Feldman et al. and/or by 

and Shadmi [2]. Specifically, within the 
configuration the 2P3/2 and 4P3/2 designations given by Feldman et 
al. have been and within the configuration 
4PS/2 was changed to 4Fs!2' 

Accuracy ratings for the weaker transitions, as well as for those 
involving levels relatively low LS coupling, were lowered 
to "E." Transitions to levels of extremely low purity, or to those for 
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Wavelength (A.) 

14.48 

14.485 
14.50 

14.53 

1i.551 
14.57 

14.581 

14.70 
14.772 

14.78 

14.79 
14.80 

14.803 I 

No. 

16 

15 
18 

2 
14 
15 

4 

16 
14 
13 
15 
13 

14 
13 15.01 I 

15.258 I 

Wavelength 

15.614 

15.62:'1 
15.764 
15.826 

15.847 
15.869 

16.003 

16.024 
16.087 
16.109 
16.270 
93.931 

1O.~.954 

No. 

10 

10 

9 
8 
8 

10 

9 
9 
8 
8 
9 
I 
I 

~~_ I_I_-ll _____ ...... ~ _ __' ___ _ 

whieh two largest eomponents are very nearly equal, were 
omitted from the present compilation. 

Oscillator strengths for a few transitions of the array 2p5_2p 44d 
have been caleulated by Bromage al. with the Hartree·Fock 
method including statistical exchange (HX) and configuration inter· 
aetion. The ahove remarks conceming purity levels in coup
ling apply here as well. Additional data are available for resonance 
transitions to levels configurations 2p 4nl (n > 4) [5,6], but they 
are not tabulated since eigenveetors are not reported and sueh 
states are expected to be strongly mixed. 
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XVIn: trun::Sltions 

No. gf 

2. - 'S 

1 j 

[14.;::l I 

3. - 'p i).18 

[14.11J -0.4.5 

-(J.6l E :2 
-3.55 E 2 

4. - 'S -0.41 D 2 

0.94 
·:;.55 

5. - ~D 

[13 . .52 j -ii.52 

[13 .. 0.38 
[13.56] -0.97 

6. - 'p 13 0.19 

[13!Cf .Hl, 

[13 .. -0.62 

[13.5~J -1.32 
u.55 

7. 'po - 's D.1'! -1.47 

[l3At] 2.2,5 

[13.61J -1.59 

8. - 'I? 

02650 

:C265tl 

050C 

9. :Cpo - . ~ 

2 

634.360(; I 

_5.!S~, 

.~ , ~ 
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Fe XVIII: AUowed transitions-Continued 

Transition 

array 
Multiple! t: (em-I) (cm- (lOBS-I) j, S(at.u.) log gf 

Accu· 
Source 

racy 

10. 2p 5_2p'(10)3s 'po _ '0 15.704 34220 6402200 6 10 4700 0.029 0.0089 -(U6 E 2 

15.623 0 6400800 4 6 8.4 4.6("5) -3.74 E 2 
15.869 102650 6404400 2 4 1.0(+4) 0.Q78 0.0081 -0.81 0 2 

[15.614] 0 6404400 4 4 1000 0.0038 -1.82 E 2 

II. 2p'-2p4('S)3s 'po _ 2S 15.328 34220 6558200 6 2 2.2(+4) 0.026 0.0079 -0.81 0 2 

15.258 0 6558200 4 2 1.4(+4) 0.024 0.0048 -1.02 0 2 
15.491 102650 6558200 2 2 8300 0.030 0.0031 -1.22 0 2 

2s'2p'-2p"3s - 12.05 6 2 35 2.5(-5) 6.0(-6) -3.82 E 2 

[12.00J 4 2 I 1.2(-5) 1.9(-6) -4.32 E 2 
[12.15] 2 2 23 5.1(-5) 4.1(-6) -3.99 E 2 

13. 2p5_2p,(lp)3d 'po _ 40 

[14.80] 4 6 3000 oms 0.0029 -1.22 0 2 
[15.011 2 4 0.0023 2.3(-4) -2.34 E 2 
[14.78] 4 4 5800 0.019 0.0037 -1.12 0 2 

14. 'po _ 4p 

14.772 102650 6872500 2 4 3400 0.022 0.0021 -1.36 E 2 
14.551 0 6872500 4 4 6.1(-5) .2(-5) -3.61 E 2 

[14.803] 102650 6858200 2 2 100 3.4(-4) 3.3(-5) -3.17 E 2 
14.581 0 6858200 4 2 2000 0.0032 6.1(-4) - .89 E 2 

I 'po - 4F 

14.485 0 6903700 4 6 3.8(-4) 7.2(-5) -2.82 E 2 
[14.79] 2 4 1200 0.0081 7.9(-4) -1.79 E 2 
[14.57J 4 4 1700 0.0054 0.0010 -1.67 E 

I 'po _ 

[14.48] 4 4 8.9(-4) .7(-4) -2.45 E 
[14.70] 2 4 4900 0.032 0.0031 -1.19 E 2 

17. 2p5_2p4('0)3d 'po _ 'F 

[14.32] 4 6 2.2(+4) 0.10 0.019 -0.40 E 2 

18. 'po _ 'p 14.32 6 6 7.7(+4) 0.24 0.067 0.15 E 2 

[14.28] 4 4 3200 0.0098 0.0018 -1.41 E 2 
[14.42J 2 2 !.7( +;1) 0.53 0.050 0.03 E 
[14.20] 4 2 2.1(+4) 0.031 0.0058 -0.91 E 2 
[14.50] 2 4 1.6(+4) 0.10 0.0095 -0.70 2 

19. 'po Zs 14.325 34220 70.15100 6 2 2.2(+4) 0.023 0.0065 -0.86 

j·t.255 7015100 4 2 110 1.7(-4) 3.2(-5) -3.17 
14.467 102650 7015100 2 2 2.2(+4) 0.068 0.0065 -0.87 0 2 

20. 'po _ '0 

14.361 102650 7067100 2 4 8.1(+4) 0.50 0.047 0.00 E 2 
14.150 7067100 4 4 1.4(+4) 0.041 0.0076 -0.79 

21. 2p5_2p4('S)3d 'po '0 

13.954 7166400 4 6 1.4(+4 0.061 om -0.61 
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Fe XVIII: Allowed transitions--{,:ontinued 

C 

4 6 ,57 l.7(-4) 2.6(-5) -3.17 

2 4 0.0059 \.5(-4) -2.93 

r! LSOJ 4 1900 0.1)037 ~).6(-4) - .83 

2:l. 'po 

[11.55J 2 4 2.1{ +1) 0.095 0.00;'2 -0.72 

21. ?po _ 

[11.33] 4 4 4.l{+4; 0.078 O.Oi2 -0.5l 

lASJ 2 2 7.1(+4) 0.14 O.OIl -0.55 

25. '1'0 - 's 

~j 1.31] 4 2 4./(+4) 0.045 I 0.0067 -0.74 
1 

26. 'po _ 'D I 

I 0.013 [ 11 2 4.3(+4) o 17 -0.47 

0]2 __ 1 0.008Q 

27. 2p5_2p'('S)4d 'po _ 'D 

U:;)] 2 4 3.2(+01) 

- - -- -

, The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Fe XIX 

Ground State 

Ionization Potential 

Allowed Transitions 

List of tabulated lines 

__ W_a_ve_le_n_g_th_(_A_l_-t-__ N_O'_--tt __ W_2_" ,_.e_le_lJg_'_h _(A_O _) _-+-__ N_O ~r= "~:"_! ___ -+-

:~.~: 23 :~:~ l~ II 
10.63 !9 :3.Se,. II 
\O.6~) 

10.73 

10.80 
1O.8i 
10.89 
)0.92 

13. 

13.82 
14.0,,· 

5 "7 

10 

iO 

-~-

32." 
BoJ 
84.8 

9102 
.56 

106.12 

106.33 
iOil.37 

2 

6 

1J eV 

!09.97 

!., 
j 1 

120.00 

441 

2 

2 
2 

2 

4 

D 4 

D 4 

D 4 

-I 

3 
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2S22p4 ID2-2s2p 5 3P?transition has been omitted from this tabu
lation, because its f-value as reported in ref. [1] is extremely 
and therefore even more uncertain. 

The results of the scaled Thomas-Fermi calculations of Kastner 
et al. [2] including configuration interaction and intermediate coup
ling are quoted for the two 2p4_2p 33s intercombination lines treat
by them. 

Oscillator strengths tabulated for a few transitions of the 2p4_ 
2p 33d array are averages of the semi-empirical results of Bromage 
and Fawcett [3] and the Hartree-Fock-Pauli (HFP) data of Bogdano
vicius et al. [4]. The f-values intercompared very well for the 
transitions presented here, except in the case of 2p4 ID2-

2p 3eDO)3d IFr and 2p4 ID2-2p 3epO)3d 3Fr, for which the au
thors' published results differ from the values tabulated here by 30% 
and 50%, respectively. Transitions involving levels of purity less 
than 50% in LS coupling, as indicated in refs. [3] and [4], have 
omitted, and the accuracy ratings for transitions to levels of purity 
less than 60% have been lowered to "E," as have those for the two 
rather uncertain f-values discussed above. 

The oscillator strengths tabulated for transitions of the 2p4_ 
2p 34d are from the Hartree-Fock calculations with statistical ex
change (HX) of Bromage et al. [5] with allowance for configuration 
interacti~n. The above remarks concerning purity in LS coupling 
apply here as well. 

The assignment of term designations to observed spectral lines of 
the rather complex transition arrays 2p 4_2p 3nd (n = 3,4) is rath
difficult, since these lines are closely spaced. For this reason, we 
have quoted the theoretical wavelengths of refs. [3] and [5], re
spectively, in order to provide an indication of the locations of these 
lines. 

Data for additional transitions are available [6,7], but these re
sults are not quoted here since no indication of the percentage 
compositions is given. 
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Fe XIX: Allowed transitions 

No. 
Transition 

Multiplet X(A) /<.~(cm-') E.(cm- I ) A .. (lO·s-l) t. S(at.u.) log gf 
Accu· 

Source 
array 

gi g. 
racy 

1. 2s 22p'-2s2p' 'P _ 'po 109.04 38170 955290 9 9 540 0.096 0.31 -0.06 C 1 

108.37 0 922770 5 5 390 0.068 0.12 -0.47 C 1 
1l1.70 89410 984650 3 3 126 0.0235 0.0259 -1.l52 C 1 
101.56 0 984650 5 3 320 0.0294 0.0491 -0.83 C 1 
106.33 89410 1029830 3 1 610 0.0342 0.0359 -0.99 C 1 
120.00 89410 922770 3 5 104 0.0374 0.0443 -0.95 C 1 
109.97 75290 984650 1 3 160 0.087 0.031 -1.06 C 1 

2. 'p _ 'po 

[77.6] 0 [1268440] 5 3 130 0.0071 0.0091 -1.45 E 1 
[83.4] 89410 [1268440] 3 3 9.6 0.0010 8.2(-4)" -2.52 E 1 
[82.5] 75290 [1268440] 1 3 16 0.0050 0.0014 -2.30 E 1 

3. 'D _ 'po 

[132] [169800] 922770 5 5 23 0.0059 0.1)13 -1.53 E 1 

4. 'D _ 'po 91.02 [169800] [1268440] 5 3 1490 0.11l 0.166 -0.256 C 1 

5. 's _ 'po 

[149] [326160] 984650 1 3 8.2 0.0082 0.0040 -2.09 E 1 

6. 's _ 'po 106.12 [326160] [1268440] 1 3 110 0.054 0.019 -1.27 C 1 

7. 2s2p'-2p" 'po - 's 

[84.8} 984650 [2134800] 3 1 130 0.0045 0.0038 -1.87 E 1 

8. 'po _ 's 1l5.42 [1268440 2134800] 3 1 1610 0.107 0.122 -0.493 C 1 

J. PhVS. Chem. Ref. Data, Vol. 10, No. 2, 1981 



TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 443 
Fe XIX: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A.) t.:(cm- I) E.(cm- I) A.i(lO's-l) j. S(at.u.) log gf 
Accu· 

Source 
array 

g, g. 
racy 

9. 2p4_2p"('SO)3s "p _ 'S° 

[15.2J 5 5 450 0.0016 3.9(-4) -2.11 E 2 
[15.4J 3 5 17 1.0(-4) 1.5(-5) -3.52 E 2 

10. 2p4_2p"('SO)3d "p - "0° 

[13.82J 5 7 5.7(+4) 0.23 0.052 0.06 0 3,4 
[14.04J 3 5 1.4(+4) 0.070 0.0097 -0.68 E 3,4 

II. 2p4_2p"('00)3d "p - "0° 

[13.54J 5 7 1.9(+5) 0.73 0.16 0.56 0 3,4 

12. "p - "S° 

[13.49J 5 3 1.5(+5) 0.25 0.056 0.10 0 3,4 

13. "p _ IFo 

[13.45J 5 7 5.5(+4) 0.21 0.046 0.02 E 3,4 

14. 10 _ IFo [13.76J 5 7 7.5(+4) 0.30 0.068 0.18 E 3,4 

15. 2p4_2p"{"PO)3d 10 _ "Fo 

[13.74J 5 7 2.4(+4) 0.094 0.021 -0.33 E 3,4 

16. IS _ 'po [13.74J I 3 2.6(+5) 2.2 0.10 0.34 0 3,4 

17. 2p4_2p"(4S0)4d "p - "0° 

[1O.8IJ 5 7 4.9(+4) 0.12 0.021 -0.22 0 5 
[1O.92J 3 5 1.3(+4) 0.040 0.0043 -0.92 0 5 
[1O.89J I 3 2.8(+4) 0.15 0.0054 -0.82 0 5 

18. 2p4_2p"{"00)4d "p - "0° 

[10.65J 5 7 3.2(+4) 0.076 0.013 -0.42 0 5 

19. "p _ "S° 

[10.63J 5 3 4.3(+4) 0.044 0.0077 -0.66 0 5 

20. 10 _ 100 [10.8IJ 5 5 4.7(+4) 0.082 O.ot5 -0.39 0 5 

21. 10 _ IFo [10.80J 5 7 5.3(+4) 0.13 0.023 -0.19 0 5 

22. 2p4_2p"('PO)4d "p _ "po 

[1O.58J 3 3 3.2(+4) 0.053 0.0055 -0.80 E 5 

23. "p - "0° 

[IM2J I 3 4.7(+4) 0.24 0.0084 -0.62 E 5 

24. 10 _ "Fo 

[10.73J 5 7 1.6(+4) 0.038 0.0067 -0.72 E 5 

25. IS _ Ipo [10.80J I 3 8.4(+4) 0.44 0.016 -0.36 E S 

-- ._--

, The number in parentheses following the tabulated value indicates the power of ten by which this value has to he multil'iie,1. 
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Fe xx 

Ground State 

Ionization Potential [1575] eV = [12704000] cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

12.76 23 81.4 13 
12.82 17 83.0 3 
12.83 20 83.23 8 
12.84 17,20 86.2 13 
12.88 23 87.8 13 
12.89 20 90.60 8 
12.94 18 92.59 12 
13.00 18 93.76 8 
13.06 22 94.62 7 
13.14 21 95.1 2 
13.15 19 98.08 14 
78.9 13 98.37 12 
79.5 4 101.84 12 
80.3 13 106.96 II 

Oscillator strengths for transitions of the arrays 2s 22p 3_2s2p 4 
and 2s2p4_2p 5 are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et al. [1]. These relativistic calcu
lations include a perturbative treatment of the Breit interaction and 
the Lamb shift. The results should be quite accurate, except in the 
case of intercombination lines, for which the f-values should be 
considered rather uncertain. (A few very weak intercombination 
lines have been omitted from this tabulation.) The f-value listed for 
the 2S22p 3 2Df/2-2s2p4 2S112 transition is quoted with an uncer

tainty of 50%, since its magnitude is considerably larger than those 
of the other intercombination lines. 

For transitions of the type 2p 3_2p23d, we quote the semi
empirical results of Bromage and Fawcett [2], which include approx
imate correlation, relativistic, and intermediate coupling effects. 
Transitions to levels that are of very low purity in LS coupling have 

Wavelength (A) No. Wavelength (A) No. 

108.7 6 136.06 10 
108.82 12 138.49 16 
109.65 14 139 10 
110.65 6 140.42 16 
111.60 14 143 5 
113.34 6 148 5 
115 11,15 156 5 
115.39 6 163 16 
118.70 I 164 5 
121.85 I 172 9 
122.00 16 175 5 
128 10 202 9 
131.76 15 234 9 
132.85 I 

been excluded. The I-values for the remaining lines which involve 
nominally pure levels (i.e., less than 60% pure) have been assigned 
accuracy ratings of "E." 

Oscillator strength data are available for additional transitions 
[3], but these results are not quoted here since no indication of the 
percentage compositions is given. 

References 

[I] Cheng, K. T., Kim, Y.-K., and Desclaux, J. P., At. Data Nucl. Data Tables 24, 
III (1979). 

[2] Bromage, C. E., and Fawcett, B. C., Mon. Not. R. Astron. Soc. 179, 683 
(1977). 

[3] Bromage, C. E., Cowan, R. D., Fawcett, B. C., Cordon, H., Hobby, M. C., 
Peacock, N. J., and Ridgeley, A., United Kingdom Atomic Energy Authority 
Report CLM-RI70 (August 1977). 

Fe XX: Allowed transitions 

No. 
Transition 

Multiplet A(A) t.:(cm- I) E,(cm- I) At; (lO·S-I) j. 5 (at.u.) log gf 
Accu-

Source 
array 

g; g. 
racy 

J. 2.<'2,,"-2.<2,," "so _'p 126.53 0 790340 4 12 160 0.115 0.192 -0.336 C I 

132.85 0 752730 4 6 130 0.052 0.091 -0.68 C I 
121.85 0 820680 4 4 186 0.0413 0.066 -0.78 C I 
118.70 0 842460 4 2 209 0.0221 0.0345 -\.054 C 1 

J. Phvs. Chern. Ref. Data, Vol. 10, No.2, 1981 

lpaek

lpaek

lpaek



, 
TRANSITION PROBABiliTIES FOR IRON, COBALT, AND NICKEL 445 

Fe xx: Allowed transitions-Continued 

Transition 
X(A) ",(em-I) ",(em-I) Aki (IO"S-I) j, 5 (at.u.) log gf 

Aeeu· 
Source No. Multiplet g, g, 

array racy 

2. 'So _ '0 

[95.1] 0 [1028100] 4 4 19 0.0026 0.0033 -1.98 E I 

3. ·So _ 's 

[83.0] 0 [1181000] 4 2 19 0.0010 0.0011 -2.40 E I 

4. ·So _ 'p 

[79.5] 0 [1229000] 4 4 47 0.0045 0.0047 -1.74 E I 

5. 'd0 _ 'p 

[175] [162000] 752730 6 6 2.6 0.0012 0.0041 -2.14 E I 

[148] [124300] 820680 4 4 1.3 4.2(-4)" 8.2(-4) -2.77 E I 
[156] [162000] 820680 6 4 0.45 1.1 ( -4) 3.4(-4) -3.18 E I 

[143] [124300] 842460 4 2 3.3 5.1(-4) 9.6(-4) -2.69 E I 

[164] [124300] 752730 4 6 6.3 0.0038 0.0082 -1.82 E I 

6. 'd0 _ 'D 112.2 (146900J (1037800J 10 10 360 0.068 0.25 -0.17 C- I 

113.34 [162000] [1044300] 6 6 330 0.063 0.14 -0.42 C I 

110.65 [124300] [1028100] 4 4 420 0.078 0.11 -0.51 C I 

115.39 [162000] [1028100] 6 4 0.43 5.7(-5) 1.3(-4) -3.47 E I 

[108.7] [124300] [1044300] 4 6 0.27 7.1(-5) 1.0(-4) -3.55 E I 

7. 'DO _ 's 

94.62 [124300] [1181000] 4 2 450 0.030 0.037 -0.92 D I 

8. 'DO _ 'p 89.76 {l16900J (1261000J 10 6 930 0.068 0.20 -0.17 C I 

93.76 [162000] [1229000] 6 4 1000 0.089 0.16 -0.27 C I 
83.23 [124300] [1326000] 4 2 291 0.0151 0.0165 -1.219 C I 
90.60 [124300] [1229000] 4 4 147 0.0181 0.0216 -1.140 C I 

9. 'po _ 'p 

[234] [309000] 752730 4 6 0.27 3.3(-4) 0.0010 -2.88 E I 

[202] [309000] 820680 4 4 1.8 0.0011 0.0029 -2.36 E I 
[172] [246000] 842460 2 2 2.5 0.0011 0.0012 -2.66 E I 

10. 'po _ 'D 133 (288000J (1037800J 6 10 53 0.023 0.061 -0.86 C- I 

136.06 [309000] [1044300] 4 6 60 0.0250 0.0448 -1.000 C I 

[128] [246000] [1028100] 2 4 29.7 0.0146 0.0123 -1.53 C I 

[139] [309000] [1028100] 4 4 6.9 0.0020 0.0037 -2.10 D I 

II. 'po _ 's 112 (288000J [1181000] 6 2 360 0.023 0.050 -0.87 C- I 

[115] [309000] [1181000] 4 2 30 0.0030 0.0045 -1.92 D I 
106.96 [246000] [1181000] 2 2 370 0.064 0.045 -0.89 C I 

12. 'po _ 'p 103 (288000J ( 1261000J 6 6 423 0.067 0.137 -0.394 C- I 

108.82 [309000] [1229000] 4 4 94 0.0167 0.0239 -1.l75 C I 

[92.59] [246000] [1326000] 2 2 44 0.0057 0.0035 -1.94 D I 

98.37 [309000] [1326000] 4 2 970 0.070 0.091 -0.55 C I 

101.84 246000 1229000 2 4 91 0.0284 0.0190 -1.246 C I 
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XX: Allowed trallsitions-Continued 

! 
I 

i 

Transithm Accu-
No_ 

I 
Multiplet A(A) E,(cm- I ) Edcm- 1) g. g. A.,(IO"s-l) j. S(at_u.) log Source 

array racy 

13. 2s2p'-2p' 'p _ 2po 

[81.4J 752730 [1940400] 6 4 32 I 0.0021 0.0034 1 
[78.9J 820680 [2048000J 4 2 2.8 1.3(-4) 1.4(-4) -3.28 E 1 
[86.2J 820680 1 940400J 4 4 17 0.0019 0.0022 -2.12 1 
[80.3J 842460 [2048000J 2 2 10 9.7(-4) 5.1(-4) -2.71 E 1 
[87.8J 842460 11940400J 2 4 5.6 0.0013 7.5(-4) -2.59 1 

4. 2D 'po 107 ! 1037800J ! I 976000j 10 6 580 0.060 0.21 -0.22 C 1 

111.60 [1044.~00J [1940400J 6 4 430 0.054 0.12 -0.49 C 1 
911.08 [1028100J 2048000J 4 2 462 0.03.33 0.0430 -0.88 1 

109.65 [1028100J [1940400J 4 4 176 0.0317 0.0458 -0.90 C 1 

15. i 2S _ 'po 126 [1181000J [1976000j 2 6 75 0.053 0.0442 -0.97 C- 1 

I 131.76 [1181000J [1940400J 2 4 90 0.0469 0.0407 1 
[115 181000J [2048000] 2 2 23 0.0046 0.0035 -2.04 D 1 

16. 'p _2po 140 {126JOOOJ [1976000J 6 6 420 0.12 0_34 -0.13 C 1 

140.42 [1229000J [1940400J 4 4 310 0.092 0.17 -0.43 C 1 
138A9 ;'126000J [2048000J 2 2 320 0.092 0.085 -0.73 C 1 
122.00 [1229000J [2048000J 4 2 370 0.0413 0.066 -0.78 I 

[163J [I:,26000J [1940400J 2 4 17.8 0.0142 0.0152 -1.55 C 1 

7. 2p"-2p2('P)3d 's., _ 'p 

r 
[12.84J 4 6 1.5(+5) 0.56 0.095 0.35 E 2 
[12.82J 4 4 2.1(+5) 0.52 0.088 0.22 D 2 

8. 'DO _ 'D 

I 

I 
[l3.00J 6 6 5.9(+4) 0.15 0.039 -0.05 E 2 
[12.94J 4 6 1.5(+;:)) 0.56 0.095 0.25 2 

19. 'po _ 'D 

[13.15J 2 4 9.6(+4) 0.50 0.042 0.00 2 

20. 2p"-2p'CD)3d 'DO -

[12.89J 6 6 9.6(+4) 0.24 0_061 0.16 2 

[12.84J 4 4 1.2(+5) 0.30 0.051 0.08 2 
i [12.83J 4 6 1.1(+5) 0.42 0.071 0.23 E 2 

I 21. 'po 

[13.14J 4 6 1.7(+4) 0.065 0.011 -0.59 E 2 

22. 'po _ 'p 

[13.06J 4, ·1 1.5( +5) 0.39 0.067 IU9 D 

23. 2p"-2p'('S)3d 'po 2D 

I 
12.88J 4 6 IA.( j 5) 0.;)3 0.090 0.33 D 

[12.76J 2 4 1.5(+5) 0.73 0.061 0.16 D 
.- -

, The number in parentheses following the tabulated value indicates the power of by which Ihis value has to be multiplied. 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

Fe XXI 

447 

Ground State 

Ionization Potentiaft [1685] eV = [I359WOO] cm-: 

Allowed Transitions 

Lis! of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

8.47 69 9.68 53 
8.53 67,68 9.69 44,60 
8.56 66,68 9.70 53 
8.57 67 9.73 44 
8.61 66 9.74 46 
8.62 62 9.75 45 
8.63 62 , 9.79 59 
8.64 65,66 9.85 47 
8.65 65,73,74 12.02 37 
8.66 71,72 12.10 36 
8.68 62 12.13 37 
8.71 62 12.192 38 
8.72 63 12.21 36 
8.74 70,76 12.25 35 
8.81 64 12.28 36 
8.83 75 12.36 35 
9.34 52 12.38 35,42 
9.41 52 12.393 41 
9.42 51 12.43 35 
9.44 50 12.47 40 
9.45 49 12.525 34. 
9.46 51 12.53 34 
9.47 49,50 12.587 39 
9.52 49 12.623 43 
9.54 48 12.91 30 
9.56 48,49,57, 12.95 29 

58 12.99 30 
9.58 48,54,56 13.00 29 
9.59 44,55 13.03 29 
9.62 44 13.13 29 
9.63 44 13.14 29 
9.67 61 13.20 29,32 

Oscillator strengths for transitions of the arrays 2s 22p 2_2s2p 3 

and 2s 2p 3_2p 4 are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et al. [1]. These relativistic calcu
lations include a perturbative treatment of the Breit interaction and 
the Lamb shift. The results should be quite accurate, except in the 
case of intercombination lines, for which the f-values should be 
considered rather uncertain. (A few very weak intercombination 
lines have been omitted from this tabulation.) The f-value listed for 
the 2S22p2 3P2-2s2p:l ID? transition is quoted with an uncertainty 
of 50%, since its magnitude is considerably larger than those of the 
other intercombination lines. 

Transition probabilities for the arrays 2p2_2p3s and 2p2_2p3d 
are the results of the scaled Thomas-Fermi calculations of Mason et 
al. [2] m mtermediate coupling with limited configuration inter-

I 

II 

I 

Wavelength (A) No. Wavelength (A) No. 

13.25 31 124 19 
13.41 33 124.26 3 
78.3 16 125.30 28 
83.4 6 128.73 2 
84 .. 4- 16 136 14 

86.6 6 137 19 
87.7 21 140 19 
91.29 4 142.14 2 
94.480 5 142.25 2 
95.656 18 144.46 8 
97.89 4 144.82 25 
98.140 18 145.66 2 
98.525 5 148.79 8 
99.05 II 151.51 2 

102.23 4 151.63 2 
103 17 155 22 
104 23 156 22 
108.45 3 164 24 
111.02 20 178 27 
112.47 15 179 13 
113.34 10 180.55 7 
113.56 20 182 22 
114 17 189.61 7 
115.16 3 189.81 7 
117 17 193 24 
117.89 3 209 26 
118.3 9 244 12 
118.70 3 251 1 
120 19 260 26 
121 19 282 I 

121.22 3 
122 19 

action. Their A -values and f-values were corrected for deviations of 
the calculated wavelengths from the observed ones wherever possi
ble. Of the intercombination lines, only the stronger ones have been 
included here, since these values were considered to be more uncer
tain than those for transitions between terms of the same total spin. 
Transitions to J = 2 levels of the configuration 2p 3d, with the 
exception of 3Fg have been omitted since the eigenvectors calcu
lated by Mason et al. for these levels indicate severe mixing of 
Russell-Saunders states. 

Mason et al. [2] have also calculated gf-values for transitions of 
the arrays 2p2-2pns and 2p2-2pnd (n = 4,5). Again, only the 
stronger intercombination lines treated by them are tabulated here. 
Transitions involving the levels 2pnd 3P?and 2pnd 3D?(n = 4,5) 

1\1& 
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References have been excluded, since the results of ref. [2] indicate that these 
levels are of very low purity in LS coupling. 

The remainingf-values were derived by interpolation from graphs 
of systematic trends along the isoelectronic sequence. 

[I] Cheng, K. T., Kim, Y.·K., and Desclaux, 1. P., At. Data Nucl. Data Tables 24, 
III (1979). 

Oscillator strength data are available for additional transitions 
[3], but they have not been tabulated here since no indication of the 
eigenvectors is provided. 

[2] Mason, H. E., Doschek, C. A., Feldman, U., and Bhatia, A. K., Astron. Astro. 
phys. 73, 74 (1979). 

[3] Bromage, C. E., Cowan, R. D., Fawcett, B. C., Cordon, H., Hobby, M. G., 
Peacock, N. J., and Ridgeley, A., United Kiogdom Atomic Energy Authority 
Report CLM-RI70 (August 1977). 

Fe XXI: Allowed transitions 

No. 
Transition 

Multiplet >.(A) t:(cm- I) E.(cm-1) A,,(10·S-1) j. 5 (at.u.) log gf 
Accu· 

Source gi gk 
array racy 

I. 2s 22p2_2s2p" "p - 'S° 

[282] 5 5 0.32 3.8(-4)' 0.0018 -2.72 E I 
[251] 3 5 0.34 5.3(-4) 0.0013 -2.80 E I 

2. "p _ "Do 142.89 89790 789620 9 15 88 0.045 0.19 -0.39 D I 

145.66 ll7310 803840 5 7 66 0.0295 0.071 -0.83 C I 
142.14 73850 777380 3 5 100 0.051 0.072 -0.82 C I 
128.73 0 776820 I 3 120 0.093 0.039 -1.03 C I 
151.51 ll7310 777380 5 5 0.13 4.4(-5) 1.l(-4) -3.66 E I 

[142.25] 73850 776820 3 3 7.9 0.0024 0.0034 -2.14 D I 
[151.63] 117310 776820 5 3 0.73 1.5(-4) 3.7(-4) -3.12 E I 

3. "p _ "po 118.65 89790 932620 9 9 237 0.050 0.176 -0.346 C- I 

121.22 117310 942210 5 5 217 0.0479 0.096 -0.62 C I 
117.89 73850 922080 3 3 170 0.0354 0.0412 -0.97 C I 

[124.26] 117310 922080 5 3 32 0.0044 0.0090 -1.66 D I 
ll8.70 73850 916310 3 I 241 0.0170 0.0199 -1.292 C I 
115.16 73850 942210 3 5 3.6 0.0012 0.0014 -2.44 D I 
108.45 0 922080 I 3 42.5 0.0225 0.0080 -1.65 C I 

4. "p - "S° 99.43 89790 1095500 9 3 1000 0.051 0.15 -0.34 C I 

102.23 117310 1095500 5 3 640 0.060 0.10 -0.52 C I 
97.89 73850 1095500 3 3 264 0.0379 0.0366 -0.94 C I 
91.29 0 1095500 I 3 99 0.0370 O.Olll -1.432 C I 

5. "p _ 'DO 

[98.525] 117310 ll32280 5 5 89 0.013 0.021 -1.l9 D I 
[94.480] 73850 1132280 3 5 4.3 9.5(-4) 8.9(-4) -2.55 E I 

6. "p _ 'po 

[86.6] 5 3 2.4 1.6(-4) 2.3(-4) -3.10 E I 
[83.4] 3 3 54 0.0056 0.0046 -1.77 E I 

7. 'D - "DO 

[180.55] 249980 803840 5 7 10 0.0070 0.021 -1.46 E I 
[189.61] 249980 777380 5 5 0.37 2.0(-4) 6.2(-4) -3.00 E I 
[189.81] 249980 776820 5 3 2.0 6.4(-4) 0.0020 -2.49 E I 

8. ']) _ "po 

[144.46] 249980 942210 5 5 2.4 7.5(-4) 0.0018 -2.43 E I 
[148.79] 249980 922080 5 3 3.0 5.9(-4) 0.0014 -2.53 E I 

9. ID _ "S0 

[118.3] 249980 1095500 5 3 2.9 3.7(-4) 7.;',(-4) -2.73 E I 

10. 'D - 'DO 113.34 249980 1132280 5 5 480 0.092 . 0.17 -0.34 C I 
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Fe XXI: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A) A~ (em -I) A~ (em-I) A,,(IO"s-l) j. S(at.u.) log gf 
Aeeu· 

Source g. g. 
array racy 

'll. 10 _ Ipo 99.05? 5 3 700 0.062 0.10 -0.51 C I 

12. IS _ "d0 

[244] 1 3 0.56 0.0015 0.0012 -2.82 E 1 

13. IS _ "po 

[179] I 3 1.7 0.0024 0.0014 -2.62 E 1 

14. IS _ "S0 

[136] 1 3 7.1 0.0059 0.0026 -2.23 E 1 

15. IS _ Ipo 112.47 I 3 183 0.104 0.0385 -0.98 C I 

16. 2s2p"-2p' 'S° - "p 

[84.4] 5 5 15 0.0016 0.0022 -2.10 E 1 

[78.3] 5 3 2.9 1.6(-4) 2.1(-4) -3.10 E 1 

17. "D° - "p 110 15 9 472 0.051 0.279 -0.113 C 1 

[ll7] 7 5 319 0.0467 0.126 -0.486 C 1 

[103] 5 3 231 0.0220 0.0373 -0.96 C I 

[103] 3 I 383 0.0203 0.0207 -1.215 C 1 

[114J 5 5 150 0.0292 0.055 -0.84 C 1 

[103J 3 3 158 0.0252 0.0256 -1.121 C 1 
[ll4] 3 5 38.5 0.0125 0.0141 -1.426 C 1 

18. "D° - 10 

[98.140] 803840 1822790 7 5 60 0.0062 0.014 -1.36 E 1 

[95.656] 777380 1822790 5 5 7.3 0.0010 0.0016 -2.30 E I 

19. "po _ "p 131 9 9 130 0.033 0.13 -0.52 0 1 

[140J 5 5 37.8 0.01 II 0.0256 -1.256 C 1 

[121] 3 3 1.5 3.4(-4) 4.1(-4) -2.99 E 1 
[124] 5 3 181 0.0250 0.051 -0.90 C I 

[122] 3 1 208 0.0155 0.0187 -1.333 C 1 

[137] 3 5 39.2 0.0184 0.0249 -1.258 C I 

[120] 1 3 53 0.0341 0.0135 -1.467 C 1 

20. "po - 10 

[113.56] 942210 1822790 5 5 25 0.0049 0.0092 -1.61 E 1 
[ll1.02] 922080 1822790 3 5 13 0.0041 0.0045 -1.91 E I 

21. "po - IS 

[87.7] 3 1 47 0.0018 0.0016 -2.27 E I 

22. "S° - "p 169 3 9 100 0.13 0.22 -0.40 C 1 

[182] 3 5 68 0.056 0.10 -0.77 C 1 

[155] 3 3 140 0.052 0.080 -0.81 C 1 

[156] 3 1 193 0.0235 0.0362 -1.152 C 1 

23. "S° - IS 

[104] 3 1 59 0.0032 0.0033 -2.02 E . I 
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450 FUHR ET AL. 

Fe XXI: AUowed transitions-Continued 

No. 
Transition 

Multiplet A(A) t~(cm-') E.(cm- ' ) A.i (lO'S-I) t. S(at.u.) 
Accu· 

gi g. log gf Sourc, 
array racy 

24. '00 - "p 

[193] 5 5 8.4 0.0047 O.oI5 -1.63 E I 
[164] 5 3 3.5 8.5(-4) 0.0023 -2.37 E I 

25. '00 - '0 144.82 1132280 1822790 5 5 356 0.112 0.267 -0.252 C I 

26. 'po _ "p 

[260] 3 5 1.1 0.0019 0.0049 -2.24 E I 
[209] 3 3 7.3 0.0048 0.0099 -1.84 E I 

27. 'po - '0 [178] 3 5 51 0.0400 0.070 -0.92 C I 

28. 'po - '5 125.30 3 I 870 0.068 0.084 -0.69 C I 

29. 2p2_2p3s "p _ "po 13.06 9 9 2.0(+4) 0.052 0.020 -0.33 0 2 

[13.03] 5 5 1.3(+4) 0.033 0.0071 -0.78 0 2 
[13.13] 3 3 3900 0.010 0.0013 -1.52 0 2 
[13.20] 5 3 1.2(+4) 0.019 0.0041 -1.03 0 2 
[13.14] 3 I 2.0(+4) 0.017 0.0022 -1.29 0 2 
[12.95] 3 5 6100 0.026 0.0033 -1.l2 0 2 
[13.00] I 3 7300 0.055 0.0024 -1.26 0 2 

30. 'p _ 'po 

[12.99] 5 3 1100 0.0017 3.6(-4) -2.08 E 2 
[12.91] 3 3 1200 0.0030 3.8(-4) -2.05 E 2 

31. '0 _ "po 

[13.25] 5 5 3400 0.0089 0.0020 -1.35 E 2 

32. '0 _ 'po [13.20] 5 3 2.3(+4) 0.036 0.0078 -0.74 0 2 

33. '5 _ 'po [13.41] 1 3 7300 0.059 0.0026 -1.23 E 2 

34. 2p2_2p3d "p _ "Fo 

12.525 117310 8101300 5 7 5.9(+4) 0.19 0.040 -0.01 0 2 
[12.53] 5 5 1.5(+4) 0.035 0.0073 -0.75 0 2 

35. 'p - "00 

12.38 11731O 8195000 5 7 2.1(+5) 0.69 0.14 0.54 0 2 
[12.25] 1 3 2.1(+5) 1.4 0.057 0.15 0 2 
[12.36] 3 3 3.6(+4) 0.082 0.010 -0.61 .0 2 
[12.43] 5 3 2100 0.0029 6.0(-4) -1.84 E 2 

36. 'p _ "po 

[12.21] 3 3 1.2(+5) 0.27 0.032 -0.09 0 2 
[12.28] 5 3 5.2(+4) 0.071 0.014 -0.45 0 2 
[12.21] 3 I 1.5(+5) O.ll 0.013 -0.47 0 2 
[12.10] I 3 230 0.0015 6.0(-5) -2.82 E 2 

37. "p _ 'po 

[12.13] 3 3 1.8(+4) 0.040 0.0048 -0.92 E 2 
[12.02] I 3 1.3(+4) 0.084 0.0033 -1.07 E 2 

38. "p - 'Fo 

12.192 11731O 8319100 5 7 2.2 +4 0.070 0.014 -0.46 E 2 
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~j'ran:iitioll 
0, N 

arr~y 

-- -~---

39. 

40, 

1 

12. 

43. 

44. 2p'-2p4s 

45. 

'16. 

47. 

18. 

49. 

50. 

51. 

52. 

5:1. 

TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 451 

Fe XXI: Allowed transitions -Continued 

Multiplet A(A) r~', (em-I) 
I 

Edcm'l) g, ii" I f" 

,---

ID "Do 

[12.5871 249980 19:')000 5 7 !.2( +4) 0.O3'.! 

'D _'po 

[12.47J 5 3 1.3( +4) 0018 

'D 12.393 249980 8319100 5 7 3.2(+5) 1.0 

'D [12.38J 5 3 6900 0.0095 

IS 'po 12.623 ] :l 7.1(+4) 0.51 

'p _'po 9.hS 9 \I 4500 0'()063 

[9.63J ,5 .) 3000 0.0042 

19.69J 3 3 610 8.6( 4) 

[9.73J 5 3 2300 0.0020 

[9.69J 3 1 3600 0.0017 

[9.;'9J 3 5 1700 0.0040 

[9.62J 1 3 ]200 0.0049 

ID lpo 

[9.75J ,) .J 0.0011 

'D _ Ipo 19.74J 5 II ;'31)0 0.0015 

'5 _ 'po [9.85J ] 3 2200 0,0095 

'lp 

[9.S6J 5 ., 3,2(+4) 0,061 

f9.5!J 3 S 0.0017 

[9.58J 5 II 0.0071 

"p _ "DO 

[9.47J 5 7 4.9(+4) 0.093 

[9ASJ 1 3 5.2(+4) 0.21 

19.1)2J 3 13 B]OO 0.0]1 

[9.S(IJ 5 3 850 7.0(-4) 

"p IDo 

[9.4 ?J 5 .s 6100 0.OO1l2 

[9.44 ] 3 5 I 7( I 4) 0.037 

'I' _'po 

[(1.42J " II :U(+4) 0.044 

[9.46j 5 3 1..5(+4) 0.012 

[9.42J 3 1 4.3(+4) 0.019 

"p _ Ipo 

[9.41 J 13 3 noo (l.OOl, 

[9.34J I 3 2200 n.OO8(, 

It) _ ,IFo 

I - I ['i.68J WOO 
I 

0007<) 
c I , -,11111. 

" PhY5 Chem 

(at.u.) 

,-- -

0.0081 

o.oo:n 

0,21 

0.0019 

0.021 

0.0018 

6.7( 4) 

8.2(- 5) 
3.2( -4) 
1.6(-4) 

3.8(-4) 
1.6(-4) 

1.8( - 4) 

7.2(-4) 

U(4) 

0.0096 
1.6(-4) 

0.0011 

0.01'1 
0.0065 

0.0010 
1.1(-4) 

0.0013 
O.OO3·j. 

0.004] 

0.0019 

0.0018 

1 
2.6(-4) 

11.1)(11'; 

r= 

log 

'---

gf ~C:;c!.lE' 5 -Duree 
racy 

O. 71 

l.i )4 

O. 71 

-I. 32 

-0. 30 

-I. 25 

I. 
-2.: 

68 
,9 
)0 

29 

-2.1 
2, 

E 2 

E 2 

E 2 

-1. 92 E 
-2. 

2. 

1. 

-2. 

-0. 
-2, 

I. 

31 

26 

65 

02 

52 

29 

45 

-0., ')3 

68 
48 

46 

o. 
-I. 
-2. 

E 

D 

E 
E 

D 

E 

2 

2 

2 

2 
2 

2 
2 

39 2 1.. 
-0. 

-0. 

-I. 
-I. 

_c') 

I 

95 

88 

22 
24 

29 

III 

D 

D 
D 
D 

E 

2 

2 

2 

2 

2 

E 2 

; 1,1 I ; . 
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452 FUHR ET AL. 

Fe XXI: Allowed transitions-Continued 

No. 
Transition 

Multiplet A(A) Ei(cm-') E.(cm-') A,,(lO·S-l) fi. S(at.u.) log gf 
Accu-

gi g. Source 
array racy 

54. 'D - :lDO 

[9.58] 5 7 1700 0.0033 5.2(-4) -1.78 E 2 

55. 'D - 'Do [9.59] 5 5 1.0(+4) 0.014 0.0022 -1.15 D 2 

56. 'D _ :lpo 

[9.58] 5 3 3900 0.0032 5.0(-4) -1.80 E 2 

57. 'D - 'Fo [9.56] 5 7 8.9(+4) 0.17 0.027 -0.07 D 2 

58. 'D _ 'po [9.56] 5 3 2300 0.0019 3.0(-4) -2.02 E 2 

59. 's - :lDO 

[9.79] 1 3 2200 0.0094 3.0(-4) -2.03 E 2 

60. 's _ :lpo 

[9.69] 1 3 500 0.0021 6.7(-5) -2.68 E 2 

61. 's _ 'po [9.67] 1 3 5.7(+4) 0.24 0.0076 -0.62 D 2 

62. 2p2_2p5s .'p _ :lpo 

[8.63] 5 5 510 5.7(-4) 8.1(-5) -2.55 E 2 
[8.68] 3 3 160 1.8(-4) 1.5(-5) -3.27 E 2 
[8.71] 5 3 730 5.0(-4) 7.2(-5) -2.60 E 2 
[8.68] 3 1 1000 3.9(-4) 3.3(-5) -2.93 E 2 
[8.62] 1 3 280 9.5(-4) 2.7(-5) -3.02 E 2 

63. 'D _ 'po [8.72] 5 3 2000 0.0014 2.0(-4) -2.15 E 2 

64. 's _ 'po [8.81] 1 3 890 0.0031 9.0(-5) -2.51 E 2 

65. 2p2_2p5d :lp _ :lFO 

[8.64] 5 7 1.5(+4) 0.024 0.0034 -0.92 D 2 
[8.65] 5 5 2500 0.0028 4.0(-4) -1.85 E 2 

66. :lp _ :lDO 

[8.56] 5 7 2.0(+4) 0.030 0.0042 -0.82 D 2 
[8.56] 1 3 2.1(+4) 0.070 0.0020 -1.15 D 2 
[8.61] 3 3 3200 0.0036 3.1(-4) -1.97 E 2 

[8.64] 5 3 400 2.7(-4) 3.8(-5) -2.87 E 2 

67. :lp _ 'DO 

[8.57] 5 5 2800 0.0031 4.4(-4) -1.81 E 2 

[8.53] 3 5 6100 0.011 9.3(-4) -1.48 D 2 

68. .'p _ :lpo 

[8.53J 3 3 1.5(+4) 0.016 0.0013 -1.32 D 2 

[8.56] 5 3 6500 0.0043 6.1(-4) -1.67 E 2 

[8.53] 3 1 1.8(+4) 0.0066 5.6(-4) -1.70 E 2 

69. "p _ 'po 

[8.47] 1 3 1400 0.0046 1.3(-4) -2.34 E 2 

70. 'D - :lFO 

8.74 5 7 2700 0.0044 6.3(-4) -1.66 E 2 
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r 
72. I 

I 

73. I 

74·1 
75. 

76. 

77. 2p3s-2p3p 

78. 

79. 

80. 

81. 

82. 2p3p .. 2p3d 

83. 

84·1 

85·1 
86·1 

I 

TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 453 

Fe XXI: Allowed transitions-Continued 

Multiplet j, S (at.u.) log gf 
A,cu-

I (cm ') E,(cm- 1) I g, 

.. - ~---+-- ~ 1-----+- ---,..---\--+-----+---+---+---+--

[8.66) i I 'I .5 4400 : '0 '0° 

I 
1'0" "po 

1'0 - 'Fa 

1'0 - 'po 

I,s "00 

I 

1 

I 
's 'PO 

["po "0 

I "po - "s 

I "po - "p 

I'po - 'p 

Ilpo 10 

lip IpO 

I 
"0 "Fo 

I 

1 

10 Ipo 

110 - IFo 

I's -Ipo 

I I 
[8.66J 

[8.65J 

[8.65J 

[8.83J 

[8.74J [ 

I 

I 

[ 

I 
I 

51 3 1600 

51 7 39(+4) 

51 3 1000 

I 

I 
I[ 3 1600 

II 3 2.5(+4) 

91 15 

9[ 3 

9[ 9 

3! 3 
3 1 5 

I 
31 3 

15 I 21 

0.0049 7.0(-4) -1.61 E 

0.00 II 1.6( - 4) -2.26 E 2 

0.061 0.0087 -0.52 

6.9(-4) 9.8(-5) 2.46 

0.0055 .6(-4) -2.26 

0.085 0.0024 -1.07 o 2 

0.088 -0.10 o interp. 

0.021 -0.72 o interp. 

0.073 -0.18 o interp. 

0.050 -0.82 tnlerp. 

0.14 -0.38 inte,p. 

0.030 1.05 interp. 

0.032 -0.32 0- interp. 

5.8(-4) -2.54 E interp. 

0.11 -0.26 o interp. 

0.067 -1.17 D interp. 

51 3 

5! 7 
I I [ 3 

___ '--__ " ... _ .. "'--____ '--~_.L.... ____ '__ __ _'___ __ _'___ ___ '----.J'__ __ 

, The number in parentheses following the tabulated value indicates the power of by which this value has to multiplied. 

Cround State 

Ionization Potential 

Wavelength (A) 

8.960 
8.977 
8.992 
9.006 
9.057 
9.065 
9.08 
9.16 

9.183 

No .. I11I 

33,38 I 

~~ II 
35 I 
33 

:13,34 
32 

32 I 
39 
38 II 

Wavelength (A) 

9.215 
9.241 

10.25 
10.30 
10.31 

I 

1.767 
11.789 

1.797 
11.823 

Fe XXI 

[1794] eV = [14470000] cm- 1 

Allowed Transitions 

of tabulated lines 

==-==;==""= "==Ti .. ==== 

I No. 

37 
36 
40 
40 
40 

20,21,26 
18 

21,26 
21 
20 

11.837 
11..886 
11.898 
11.921 
IL933 
11.976 
12027 
12.045 
12.(lS3 

12.077 

No. Wavelength No. 

21 12.095 23 
12.193 22,24 

27 12.22 17 
12.325 25 
12.38 7 

19 14.05 31 
14.14 31 

23,28 14.16 :\1 

8~4 7 

27,29 H1.1, 
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454 FUHR ET AL. 

List of tabulated lines-Continued 

Wavelength (A) No. Wavdenglh (A) 

88.4 7 116.29 4 

99.3 

I 
17.17 

100.78 3 117.52 5 

I 
120.17 

102.23 4 125.7 J 
10:; 6 

I 
129.15 13 

34.65 

III 6 II 135.78 2 
112.20 136.02 
114.42 3 I 139.82 13 

115.22 j 44.82 

The tabulated oscillator strengths for transitions of arrays 
2S22p-2s 2p2 and 2s 2p2_2p 3 are the resultb of the multiconfigura· 

tion Dirac·Fock (MCDF) calculations of Cheng et al. [1]. These 
relativistic calculations include a perturbative treatment of the Breit 
interaction and the Lamb shift. The results should be quite accurate, 
except in the case of intercombination lines, for which the f-values 
should be considered rather uncertain. (A few very weak intercombi· 
nation lines have becn from tabulation.) 

Other sources of reliable data for 2s - 2p transitions are the multi· 
configuration Breit·Pauli method of Glass [2,3] (including relativistic 
effects) and the similar hut somewhat of 
Dankwort and Trefftz [4]. With the exception of some weaker lines, 
they agree very well with the results of Cheng et al. [1 J, but the 
latter are quoted exclusively since reL [1] provides data derived 
from comprehensive calculations for all outer·shell 2s-2p transi· 
in ions of the isoelectrornc sequences of Li through F. 

According the sources of data mentioned the lower of 
the two levels 2s 2p2 2pl/2 and 2SI/:, is of 2p charaeter, 
"crossed" the 2S1I2 level at about V XIX or Cr XX. We have thus 
labeled these two levels contrast to their labeling by 
Cheng et al. [1], which consistent with their ordering at nentral 
end of the B sequence. 

Wavelellgth No. Wavelength No. 

149.90 9 230.05 12 
151 9 238.53 15 
153.95 16 246.82 12 
155.87 2 251 I 
156.84 9 255 II 
157.36 13 258 
16L 2 299 

169.35 16 358 
73.49 13 372 14 

183.84 12 398 II 
195 8 

The resnlts of the Hartree·XR (Hartree.Fock with exchange and 
relativistie effects) calculations of Bromage al. [5] are for 
several 2p-3d and 2p-4d transitions. The Hartree·Fock 
suits of Shamey [6] are tabulated for a few transitions of the type 

(n = 3,4). The very weak have been omitted, 
Shamey's calculations accounted for very limited configuration in
teraction. A few multiplet f-values are the results of Chapman's 
single. configuration HF calculations [7]. 

The f-valuc for the derived by ur.lHhi .. ,,1 

interpolation along the isoelectrornc sequence. 
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Fe XXII: Allowed Iransilions 

Transilion ! Accu· 
No. Multiplet A(A) E,(cm- I ) E.(cm- 1) gi g. I A.,(108s- 1) f,. S(at.u.) log gf Source 

array racy 

--

2s 22p-2s2p" 2po _ 'p 

[258] 4 6 0.67 0,0010 0.0034 -2.40 E I 

[299] 4 4 0.082 ,1(-4)" 1.3(-4) -3.36 E 1 

[251] 2 2 0.114 7.9(-4) (1.0013 -2.80 

358] 4 2 0.14 1.3(-4) 6.1(-4) -3.28 E I 

2po _ 'D 148.89 78850 750490 6 10 77 0.0425 0.125 -0.59 C- 1 

155.87 118270 759830 4 6 62 0.0340 0.070 -0.87 C I 

135. 0 736490 2 4 llO 0.062 0.055 -0.91 I 

[161.75] 118270 736490 4 4 0.38 1.5(' ill 3,2(-4) -3.22 
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l TRANSITION PROBABILITIES FOR RON, COBALT, AND NICKEL 455 

Fe XXII: Allowed transltions--Contmued 

3. 'po _ 15,32 788)0 1,115990 6 I) 140 0.088 0.20 -0.28 

114.42 i 18270 992260 4 4 450 0.088 0.13 -0.45 

117. 7 853460 2 2 390 0.080 0.062 -0.80 

[ ]36.02J 118270 eS34{jO 4 0.12 2.9(-5) -·1.19 

100.78 0 992260 2 62 0.0189 (W125 

2po _ 111.19 78850 978190 6 430 0.026 0.058 -0.80 

116.29 182/0 978100 4 353 0.0358 (LOSS -0.84 

102.23 0 978190 2 27 0.0042 0.0028 -2.08 

'p 'S° 128.18 12 449 0.0370 0.188 

134.65 6 )96 0.0356 O.09S -0.67 

125.71 4 1 152 0.0360 0.060 -0.84 C 
17.52 2 4 103 0.0428 0.0331 -1.068 C 

6. 4p _ 'Do 

[108J 6 6 20 0.0035 0.0075 -1.68 E 

[105J 4 24 0.0039 0.0054 -1.81 E 

[III] 6 2.;': 2.8(-4) 6.1( ~4) -'1.,77 

li02J 4 6 0.51 1.2(-4) 1.6(-4) -3.32 

199.3J 2 4 0.34 1.0( -4) 6.5(-5) -3.70 E 

7. jp _ 'po 

l88.4J 4 1.5 1.2(-4) 2.1(-4) -3.14 E 

l844J 3.0 3.2(-4) 3.6(-4) -2.89 E 

[84.61 2 ., 
.• y 2.;';( - .4(-4) -3.30 

'D - 'S° 

[195J l.3 7.1(-1) 0.0019 -2.53 E 

9. 'D - 'Do 150.·1.6 75(J190 ].115130 149 O.OSO 0.250 

149.90 7;}98:m 1426940 128 0.0432 0.128 

[151.30J 7:,6490 1397420 76 0.0260 0.052 

156.84 759830 1397420 50 0.0124 0.0384 

144.82 736490 1426940 35.4 0.0167 0.0318 

10. 'D 'po 116.fll 750-1')0 1608060 :230 0.029 0.11 

[115.22J 759830 1627750 142 0.1)]89 0.04:;0 

[120.17J 736490 ],568670 296 0.0320 0.05! -0.89 1:: 

[1 736490 627750 0.0097 0.014 - .41 D 

II. 'I" - "so 

: 398J .. 4 0.28 6.7(-4) 0.0035 -2.57 E 

f2:)">J .) 4 .1 0.0022 0.003 7 E 

12. 'I' - 'D° 213.16 915990 1115130 6 10 42 0.048 0.20 0.55 

[2:{O.O,r, ! 99:2:?60 1 42(»))40 '+ 6 33.8 0.0402 0.122 -0.79 

8S:·H60 39~121: n.06~ O.OBI 0.87 

f246.82J 992260 1397420 0.44. 1.0( 4) OJ)OJ;\ 2.80 

lJem /.( p, Pul (I V 10 .' I'IH 
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456 FUHR ET AL. 

Fe XXII: Allowed transitions-Continued 

No. 
Transition 

Multiplet >..(A) h.: (em -1) Edem- I ) A.,(IO"s-l) fi. S(at.u.) log gf 
Aeeu-

Sour( g, g. 
array racy 

13. 2p _ 'po 151.04 945990 1608060 6 6 190 0.064 0.19 -0.42 c- 1 

157.36 992260 1627750 4 4 200 0.075 0.16 -0.52 C 1 
139.82 853460 1568670 2 2 26 0.0075 0.0069 -1.82 0 1 

[173.49] 992260 1568670 4 2 22 0.0050 0.011 -1.70 0 1 
[129.15] 853460 1627750 2 4 37.4 0.0187 0.0159 -1.427 C 1 . 

14. 2S _ 'So 

[372] 2 4 0.12 4.8(-4) 0.0012 -3.02 E 1 

15. 2S _ 'Do , 

[238.53] 978190 1397420 2 4 8.6 0.0146 0.0229 -1.53 C 1 

16. 2S _ 'po 158.76 978190 1608060 2 6 58 0.066 0.069 -0.88 C 1 , 

[153.95] 978190 1627750 2 4 17.4 0.0124 0.0126 -1.61 C 1 
[169.35] 978190 1568670 2 2 120 0.050 0.056 -1.00 C I 

17. 2p-3s 2po _ 's 12.33 6 2 2.4(+4) O.oI8 0.0045 -0.96 0 6 

[12.38] 4 2 1.6(+4) 0.018 0.0030 -1.13 0 6 
[12.22] 2 2 8500 0.019 0.0015 -1.42 0 6 

18. 2p-3d 2po _ '0 11.870 78850 8503500 6 10 1.8(+5) 0.64 0.15 0.58 0 5,6 

11.921 118270 8506900 4 6 1.8(+5) 0.59 0.093 0.37 0 5 
[11.767] 0 8498300 2 4 1.6(+5) 0.66 0.051 0.12 D 5 
[11.933] 118270 8498300 4 4 3.0(+4) 0.064 0.010 -0.59 0- 6 

19. 2s2p2- 'p _ 'Fo 

2s 2p('pO)3d 

11.976 6 8 5.9(+4) 0.17 0.040 O.oI 0 5 

20. 'p _ 'po 

11.748 4 4 1.2(+5) 0.25 0.039 0.00 0 5 
11.823 6 4 7.9(+4) 0.11 0.026 -0.18 0 5 
11.748 4 2 1.8(+5) 0.19 0.029 -0.12 0 5 
11.886 4 6 1.3(+5) 0.42 0.066 0.23 0 5 

.'ll. 'p _ 'Do 

11.837 6 8 2.3(+5) 0.65 0.15 0.59 0 5 
11.748 4 6 4.8(+4) 0.15 0.023 -0.22 D 5 
11.797 2 4 1.7(+5) 0.70 0.054 0.15 D 5 
11.837 6 6 1.7(+5) 0.35 0.082 0.32 D 5 
11.789 2 2 2.6(+5) 0.55 0.043 0.04 0 5 

22. 20 _ 200 

12.193 736490 8937900 4 6 9.9(+4) 0.33 0.053 0.12 D 5 

23. 2D _ 'Fo 12.049 750490 9049700 10 14 2.0(+5) 0.61 0.24 0.78 0 5 

12.Q45 759830 9062000 6 8 2.4(+5) 0.71 0.17 0.63 0 5 
12.053 736490 9033200 4 6 6.1(+4) 0.20 0.032 -0.10 0 5 
12.095 759830 9033200 6 6 7.8(+4) 0.17 0.041 0.01 0 5 

24. 2p _ 2po 

12.193 853460 9054900 2 4 7.2(+4) 0.32 0.026 -0.19 0 5 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 457 

Fe XXII: Allowed transitions-Continued 

Transition 
A(A) f<-;(cm- I) f, (em-I) I g; 

A.,(IO·s-l) J" S(at.u.) log gf 
Accu-

Source No. Multiplet g, 
array racy 

25. "S _ "pO 

12.325 978190 9091800 2 2 1.5( +5) 0.35 0.028 -0.15 0 5 

26. 2s2p"- "0 - "FO 

2s2pepO)3d 

11.789 759830 9242300 6 8 1.2(+5) 0.32 0.075 0.28 0 5 

11.748 736490 9248600 4 6 1.6(+5) 0.49 0.076 0.29 0 5 

27. "p _ "00 

12.077 992260 9272500 4 6 2.4(+5) 0.78 0.12 0.49 0 5 
11.898 853460 9258200 2 4 8.2(+4) 0.35 0.027 -0.15 0 5 

28. "p _ "pO 

12.045 992260 9294500 4 4 9.7(+4) 0.21 0.033 -0.08 0 5 

29. "S - "00 

12.077 978190 9258200 2 4 1.0(+5) 0.44 0.035 -0.06 0 5 

30. "S _ "pO 

12.027 978190 9294500 2 4 6.9(+4) 0.30 0.024 -0.22 0 5 

31. 2p"-Zs"3d "pO -"0 l1.11 6 10 3200 0.016 0.0044 -1.02 0 6 

[14.14} 4 6 3000 0.013 0.0025 -1.27 0 6 

[14.05} 2 4 2900 0.017 0.0016 -1.46 0 6 

[14.16} 4 4 590 0.0018 3.3(-4) -2.15 E 6 

32. 2p-4., "pO -"S 9.13 6 2 9700 0.0040 7.3(-4) -1.61 E 6 

[9.16} 4 2 6400 0.0040 4.9(-4) -1.79 E 6 

[9.08] 2 2 3300 0.0041 2.4(-4) -2.Q9 E 6 

33. 2p-4d "pO _ "0 9.032 78850 11150000 6 10 6.0(+4) 0.12 0.022 -0.13 0 5,6 

9.065 118270 11150000 4 6 6.0(+4) 0.11 0.013 -0.36 0 5 

8.960 0 11160000 2 4 5.0(+4) 0.12 0.0071 -0.62 0 5 

[9.057] 118270 11160000 4 4 9900 0.012 0.0015 -1.31 0- 6 

34. 2.<2p"- 'p _ 'Fo 

2.< 2pCPO)4d 

9.065 4 6 3.5(+4) 0.065 0.0078 -0.59 0 5 

35. 'p - '00 

9.006 6 8 5.7(+4) 0.093 0.017 -0.25 D 5 
8.992 2 4 4.9(+4) 0.12 0.0071 -0.62 0 5 

9.006 6 6 5.3(+4) 0.065 0.012 -0.41 0 5 

36. "0 - 'Fo 

8.977 759830 11900000 6 8 2.5(+4) 0.040 0.0071 -0.62 0 5 

9.241 736490 11560000 4 6 5.1(+4) 0.098 0.012 -0.41 D S 

37. "D - "n° 

I 9,2;5 7598.3C' I i6\OOOO G \e ',,';1-+ o.o:;~) (~ 1)( I () j iI;,;'/ I' 
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458 FUHR ET AL. 

Fe XXII: Allowed transitions-Continued 

No. 
Transition 

Multiplet A(A) f..~(cm-') E,(cm- 1) A,,(lO·S-l) j. S(at.u.) log gf 
Accu-

Source 
array 

gi g. 
racy 

38. 2s2p"- "D - "FO 

2s 2p('PO)4d 

9.183 759830 11650000 6 8 8.3(+4) 0.14 0.025 -0.08 D 5 
8.960 736490 11900000 4 6 3.8(+4) 0.068 0.0080 -0.57 D 5 

39. 'p _ "DO 

9.163 992260 11910000 4 6 6.9(+4) 0.13 0.016 -0.28 D 5 

40. 2p"-2s"4d 'po _ 'D 10.28 6 10 1000 0.0028 5.6(-4) -1.78 E 6 

[10.30] 4 6 1000 0.0024 3.2(-4) -2.02 E 6 
[10.25] 2 4 960 0.0030 2.0(-4) -2.22 E 6 
[10.31] 4 4 170 2.7(-4) 3.7(-5) -2.97 E 6 

41. 3s-3p '5 _ 'po 2 6 0.17 -0.47 D- 7 

42. 3s-4p '5 _ 'po 31.40 2 6 7000 0.37 0.084 -0.13 D- 7 

43. 3p-3d 'po _ 'D 6 10 0.048 -0.54 E inlerp. 

44. 3p-4s 'po _ '5 37.66 6 2 6300 0.045 0.033 -0.57 D- 7 

45. 3p-4d 'po _ 'D 35.88 6 10 1.7(+4) 0.54 0.38 0.51 D- 7 

46. 3d-4p 'D _ 'po 38.85 10 6 1200 0.016 0.020 -0.80 D- 7 

47. 3d-4f 'D - 'Fo 37.48 10 14 3.4(+4) 0.99 1.2 1.00 D- 7 

, The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Fe XXIII 

Ground State 

Ionization Potential [1950] eV = [15730000] cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. 

7.45 21 8.63 37 11.44 24 144 3 
7.48 20 8.669 36 11.440 24 147 3 
7.66 39 8.67 36 11.49 27,28 149 7 
7.68 39 8.752 38 11.517 27 . 154 3 
7.73 39 8.764 35 11.594 29 166 3 
7.78 42 8.812 34 11.690 26 173 3 
7.83 42 8.94 32 11.737 25 179 3 
7.85 43 10.903 11 11.84 30 223 6 
7.86 41 10.927 10 32.6 47 263.76 I 
7.89 40 10.934 10 33.4 53 321 5 
8.271 19 10.979 9 35.2 51 377 5 
8.303 18 11.07 23 35.4 57 513 5 
8.316 17 11.l4 12 36.1 55 607.5 49 
8.528 33 11.298 24 120 4 
8.547 33 11.33 24 132.83 2 
8.614 33 11.333 24 135 4 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 459 

The tabulated oscillator strengths for transitions of the arrays 
2s2-2s2pand 2s2p-2p2 are the results of the multiconfiguration 
Dirac-Fock (MCDF) calculations of Cheng et al. [1]. These relativ
istic calculations include a perturbative treatment of the Breit inter
action and the Lamb shift. The results should be quite accurate, 
except in the case of intercombination lines, for which the f-values 
should be considered more uncertain. (The 2s 2p 3pP_2p 2 ISo tran
tion has been omitted from this tabulation, since its f-value is consid
erably smaller than those of the other lines of the array.) 

Several other sources of reliable data are available for the 2s-2p 

transitions treated by Cheng et al. Those which provide results for 
most or all of the lines of these arrays are: the superposition-of
configurations calculations of Weiss [2] in intermediate coupling; 
the multiconfiguration Breit-Pauli method of Glass [3,4] (including 
relativistic effects); and the scaled Thomas-Fermi approach of Nuss
baumer and Storey [5] with extensive allowance for configuration 
interaction and including a perturbational treatment of relativistic 
effects. Those which treat only the resonance lines include: the 
multiconfiguration Dirac-Fock (MCDF) approaches of Armstrong et 
al. [6] and Cheng and Johnson [7]; and the relativistic random phase 
approximation (RRPA) of Lin and Johnson [8]. With the exception 
of some weaker lines, these sources agree very well with the results 
of Cheng et al. [1], but the latter are quoted exclusively since ref. 
[1] provides data derived from comprehensive calculations for all 
outer-shell 2s-2p transitions in ions of the isoelectronic sequences 
Li through F. 

A preliminary result derived from the beam-foil lifetime experi
ment by Dietrich et al. [9] for the 2S2 ISo-2s 2p 3pp transition 
deviates considerably from the calculated value of Cheng et al. [1] 
quoted here, although the experimental result with its stated error 
limits lies within our estimated uncertainty of the theoretical value. 
Nussbaumer and Storey [5] have calculated A -values for all down
ward transitions from levels of the configurations 2/' nl (I' = s ,p; 
n = 3,4; 1 = s,p,d), as well as 2s4f and 2p4f, in order to 
struct simulated decay curves of the levels 2s 2p 3ppand 2s 2p IPf 
They conclude that the suspected blending of 2S2 ISo-2s 2p 3pp 
the second-order line of 2S2 ISo-2s2p Ipp in the experiment of 

Dietrich et al. should not have been a significant factor in the 
determination of the lifetime, and that there must have been addi
tional problems in their experiment. 

Nussbaumer and Storey [5] reported the results of their calcu
lations for only a few of the transitions mentioned above. These 
results are tabulated here, as are the A -values for two transitions 
calculated by Nussbaumer [10] in the scaled Thomas-Fermi approx
imation with limited configuration interaction. 

Lin and Johnson [8] have calculated f-values for the transitions 
2s2 ISo-2snp Ipp(n = 3,4), which are quoted here. In addition, 
they determined f-values for the intercombination lines 
2S2 ISo-2snp :lpp (n = 3,4), but only for selected ions of the Be 

sequence (not including Fe XXIII). The Hartree-XR (Hartree-Fock 
with statistical exchange and relativistic effects) calculations of Bro
mage et al. [11] yielded a result for 2S2 ISo-2s 3p 3pp which lies 
outside the interval bracketed by the calculatedf-values of Lin and 
Johnson for V xx and Ni xxv. This transition has thus been omitted 
from our tabulation, since it is difficult to derive an f-value by 

interpolation along an isoelectronic sequence for a transition that is 
increasing rather rapidly in strength, as is the case here. The result 
of Doschek et al. [12] for the 2S2 ISo-2s4p 3pptransition calcu
in the same approximation as that used by Bromage et al. [11] lies 
slightly beyond the interval off-values given by Lin and Johnson for 
the corresponding ions of V and Ni; it is thus quoted here, but with 
an accuracy rating of "E." 

Oscillator strengths for several transitions involving electron 
jumps from the n = 2 shell to an upper state characterized by 
principal quantum number n' (n' = 3,4,5) are from the Hartree
XR calculations of Bromage et al. [11] mentioned above. It is 
indicated there that the 2p 3d 3D~ and I D~levels are severely mixed. 
Thus transitions to these states are omitted here, and the f-value for 
the single transition to the 2p3d 3p~ level is given an accuracy 
of "E," since its purity in LS coupling is slightly greater than 50%. 
All transitions to the levels 2p4d 3D~ ID~, and 3p~ are omitted, 
they are even more strongly mixed than those of 2p 3d. 

A few multiplet f-values are from the single-configuration 
Hartree-Fock (HF) calculations of Chapman [13]. The remaining 
multiplet f-values were derived by interpolation along the Be iso
electronic sequence. Line strengths for the 3p~_3D2 and 3pp_3DI 
transitions of the array 2s2p-2s3d were estimated to be in the 
proportion to the strongest line of the multiplet ep~-3D3) as they 
would be in a pure LS-coupled multiplet. The calculatedf-values of 
Fawcett et al. [14] for lines of the same multiplet in Ni xxv are an 
indication that this is a reasonable assumption to make, since the 
ratios of line strengths derived from their f-values deviate by only 
few percent from the LS -coupling ratios. 

Transition probabilities are available in graphical form for several 
transitions involving vacancies in the K shell [15], but they are not 
tabulated here since relativistic effects were not taken into account. 
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460 FUHR ET AL. 

Fe XXHI: AUowed transitions 

No. 
Transition 

Multiplet X(A) ~:(cm-') E.(cm- 1) A.,(IO"s-l) f;. S(at.u.) loggf 
Accu. 

Source 
array 

gi g. 
racy 

I. 2S2_2s2p 's _ "po 

263.76 0 379130 I 3 0.48 0.0015 0.0013 -2.82 0 I 

2. 's - 'po 132.83 0 752840 I 3 195 0.155 0.0678 -0.810 B I 

3. 2s2p-2p 2 "po _ "p 162 9 9 132 0.0521 0.250 -0.329 B I 

[166] 5 5 76.5 0.0316 0.0863 -0.801 B I 
[154] 3 3 41.9 0.0149 0.0227 -1.350 B I 
[179] 5 3 45.1 0.0130 0.0383 -1.187 B I 
[173] 3 1 124 0.0185 0.0316 -1.256 B I 
[144} 3 5 54.6 0.0283 0.0402 -1.071 B I 
[147] I 3 66.2 0.0643 0.0311 -1.192 B I 

4. "po _ '0 

[135] 5 5 49.4 0.0135 0.0300 -1.171 C 1 
[120] 3 5 4.4 0.0016 0.0019 -2.32 0 I 

5. 'po _ "p 

[321] 3 5 3.5 0.0090 0.029 -1.57 0 I 
[377] 3 3 0.070 1.5(-4), 5.6(-4) -3.35 E I 
[513] 3 1 0.21 2.8(-4) 0.0014 -3.08 E I 

6. 'po _ '0 [223] 3 5 45.4 0.0564 0.124 -0.772 B I 

7. 'po _ 's [149] 3 I 328 0.0364 0.0536 -0.962 B I 

8. 2s3d-2p3d "0 - "Fo 

7 9 24 C+ 5 

9. 2S2_2s3p 's _ 'po 10.979 0 9108300 I 3 1.14(+5) 0.620 0.0224 -0.208 B 8 

10. 2s2p-2p3p "po _ "0 

10.927 462000 9614000 5 7 5.2(+4) 0.13 0.023 -0.19 0 II 
10.934 379130 9524900 3 5 5.0(+4) 0.15 0.016 -0.35 0 II 

II. "po _ "p 

10.903 462000 9634000 5 5 4.9(+4) 0.088 0.016 -0.36 0 II 

12. 'po _ '0 [11.14] 3 5 6.8(+4) 0.21 0.023 -0.20 0 II 

13. 2p'-2s3p "p _ "po 

5 5 400 C 5 
3 I 380 C 5 
3 5 300 C 5 

14. '0 _ "po 

5 5 79 0 5 

15. '0 _ 'po 5 3 1700 0 10 

16. ,'s _ 'po I 3 1400 0 10 

17. 2s'-Zs4p 's _ "po 

8.316 0 12030000 I 3 1.2 +4 0.036 9. 9( -4 -1.44 E 12 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

:lpO 

8.:2~ 1 

LiAS] 

i l.1·tO 

1 L333 
1; .298 

11.44 

11.3J 

'P" - 'D I 1. 73; 

'p 

11.,) 17 

8.~U 

!Po _ 

1'00 

1"'e \Xilj: Allowed transitions-Continued 
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462 FUHR ET AL. 

Fe XXIII: AUowed transitions-Continued 

Transition I Accu-
No. Multiplet X(J\) E,(cm-') E.(cm-') gi g. I A,,(IO·s-') fa S(at.u.) log gf Source 

array ra"r 

37. 'p _ "po 

[8.63] 3 3 4.5(+4) 0.050 0.0043 -0.82 0 II 

38. '0 - 'Fa 8.752 5 7 1.2(+5) 0.19 0.027 -0.02 0 

39. 2s2p2s5d 'po _ 30 

[7.7:3] 5 7 3.0(+4) 0.038 0.0048 -0.72 0 II 
[7.68] 3 5 2.5(+'4) 0'(l37 0.0028 -0.95 0 
[7.66] I 3 1.8(+4) 0.047 0.0012 -L33 0 

'po _ '0 [7.89] 3 5 2.8(+4) 0.943 0.0034 -0.89 0 II 

2p2-2p5d "p _ "Fa 

[7.86] 5 7 2.3(+4) 0.030 0.0039 -0.82 0 

_ "DO 

[7.78] 5 7 2.5(+4) 0.032 0.0041 -0.80 0 
[7.83] 3 5 2.6(+4) 0.040 0.0031 -0.92 0 II 

43. '0 - 'Fa [7.85] 5 7 4.9(+4) 0.1)64 0.0083 -0.49 0 

2s3s·-2s3p _ "po 3 9 0.12 -0.44 0 interp. 

45. 's _ 'po 1 3 0.050 L30 E interp. 

2s3s-2s4p _ 'po 32.6 3 9 8200 0.390 0.126 0.068 C 13 

's - 'po [32.6] 1 3 6200 0.294 0.0316 -0.53 C 13 

48. 2s3p-2s3d 'po _ '0 9 15 0.027 -0.61 E interp. 

- '0 [607.5] 9108300 9272900 3 5 5.1 0.047 0.28 -0.85 E interp. 

50. 2s3p-2s4s 'po _ 's 35.1 9 3 7000 0.0428 0.0445 -0.414 C 

- [35.2] 3 1 6200 0.0383 0.0133 -0.94 C 13 

52. 2s3p-2s4d 'po _ '0 33.9 9 15 2.0(+4) 0.57 0.57 0.71 C 

-'0 [33.4] 9108300 12100000 3 5 2.0(+4) 0.56 0.18 0.23 C 13 

54. 2s3d-2s4p So _ "po 35.4 15 9 1200 0.0135 0.0236 -0.69 C 13 

55. '0 'po [36.1] 9272900 12040000 5 3 1300 I 0.015 0.0089 -Ll2 13 

56. 2s3d-2s4f '0 3F" 34.6 15 21 3.9(+4) I 0.99 1.7 1.17 C 13 

57. '0 - 'Fa [35.4] 5 7 3.84(+4) 11.01 0.59 0.70 13 

• The Ilumber in parentheses following the labulated value indicates Ibe power of tell by which !his value has 10 multiplied. 

Phvs. Chern. Ref. Data, Vol. 10, No.2, 1981 

lpaek

lpaek

lpaek

lpaek



TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

Fe XXIV 

Ground State 

Ionization Potential [2045) eV = [16494000] cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No; Wavelength (A) No. 

1.8523 8 1.8739 5 

1.8552 2 L874 1 

1.8563 8 1.8767 5 

1.8572 2 1.891· 4. 
1.658 7 1.897 4 

1.8604 3 6.749 21 
1.8614 7 6.787 13 

1.8626 6 6.808 21 

1.8627 7 6.972 20 
1.8637 3 7.033 20 
1.8655 6 7.169 12 

1.8672 7 7.370 19 
1.8678 6 7.438 19 
1.8700 5 7.983 11 
1.8721 5 7.993 11 
1.8730 1 8.231 18 

Transition probabilities· for the inner-shell transitions to doubly 
excited n = 2 states are the results of the multiconfiguration scaled 
Thomas-Fermi calculations of Bely.Dubau eta1. [1] in intermediate 
coupling~ The multiplet oscillator strengths for the 2pO

_
2p and 

2pO_2D transitions of the Is22p-ls2l array which were calculated 

by Fox and Dalgamo [2] in a Z-expansion approximation that 
allowed for· extensive configuration interaction are in good agree
ment with the results of ref. [l]. 

Oscillator strengths for lines of the principal (2s-2p) resonance 
multiplet are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et a1. [3], which include a perturba
tive treatment of the Breit interaction and the Lamb shift. Other 
sources of reliable theoretical data for these 2s-2p transitions are 
the Hartree-F ock line strength calcula,tions of Weiss [4] with relativ· 
istic corrections and the MCDF approach of Armstrong et aL [5]. 

Lifetimes of the 2p levels have been'determined by Dietrich et al. 
[6]using the beam-foil technique. The associated oscillator strengths 

for the 2s-2p transitions are in excellent agreement with the results 
mentioned above. 

The results of the relativistic Hartree·Fock calculations of Kim 
and Desclaux [7] were averaged with the results of Armstrong et a1. 
[5] for the 2s-3p transitions. The data of ref. [5J are quoted for the 
lines of the 2p-3d multiplet too. 

The results of the scaled Thomas-F'ermi calculations of Hayes [8] 
are tabulated for the 2p-3s transitions. He used the Breit-Pauli 

Wavelength (A) No. Wavelength (A) No. 

8.280 17 21.8 27 

8.316 18 22.0 27 

8.369 17 30.7 22 

10.619 10 30.9 22 
10.063 10 31.5 26 

11.030 16 31.9 26 
ILl7l 16 37.0 36 

lLl87 16 37.3 36 

11.262 15 44.2 32 
11.422 15 44.8 35 
17.1 29 45.2 35 

17.3 29 67.6 31 
18.3 24 68.5 34 
18.7 28 69.4 34 

18.8 28 192.04 9 
21.4 23 255.10 9 

approximation to account for relativistic effects. The Hartree-Fock 
results of Doschek et a1. [9] that inciuded configuration interaction 
and relativistic corrections are quoted for transitions· of the type 
2l-4(. The 2p-5d [values are the results of the Hartree-Fock 

calculations with statistical exchange (HX) of Burkhalter et al. [10]. 
The [value for the 3d-4f transition was taken from a study of· 

systematic trends along isoelectronic sequences by Smith and Wiese 
[11]. The tabulated data for the remaining transitions were taken 
from the theoretical analysis of Martin and Wiese [12], which was 
based on a generalized study of systematic trends for several spectral 
series of the lithium isoelectronic sequence. For these transitions, n(J 
relativistic calculations were available. However, the rel~tivistic cal
culations of Younger and Weiss [13] for thehydrogen isoelectronic 
sequence proyide a means of assessing the magDitudeof relativistic 
corrections since the Li sequence is very similar in structure to the 
H sequence. For those transitions for which relativistic effects were 
estimated to be signilicant (specifically, whenever the ratio of the 

weighted relativistic hydrogenic [values g/ik of any two lines within 
a multiplet was found to deviate from the corresponding LS.coupling 
line-strength ratio by more than 5% for the appropriate value of the 
nuclear charge Z), the [values were excluded from the compilation. 
A more detailed discussion of this comparison is given in ref. [12] .. 

Transition probability data are available for numerous transitions 
between doUbly excited states in whieh one of lh'l electrons occupies 
the Ii = 3 shell [1] or the n = 4 shell [14]. There are A-value 
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data for many transitions involving a vacant K shell as weU [15,16]. 
None of these data have been tabulated, however, since such tran

sition arrays are rather complex and all of the lines are concentrated 
in a very narrow wavelength range. 

[6] Dietrich, D. D .• Leavitt. J. A., Bashkin, 5., Conway, J. G., Gould, H., Mac
Donald, D., Marrus, R., Johnson,B. M., and Pegg, D. J., Phys. Rev. A 18, 
208 (1978). 

[7] Kim. Y.-K., and Desclaux, J. P., Phys. Rev. Lett. 36,139 (1976) and private 
communication. 
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Fe XXIV: Allowed transitions 

No. 
Transition 

Multiplet X(A.) Ei(cm- I
) Edcm- I ) Ali (l08S- 1) 

Accu-
gi gl j;l S(at.u.) loggf Source array racy 

1. Is225- 2S _ 4po 

Is2pCPO)2s 

1.8730 0 53390000 2 4 1.5(+5)" 0.016 1.9(-4) -1.50 D+ 1 
[1.874] 2 2 4.9{+4) 0.0026 3.2(-5) -2.29 D+ 1 

2. 2S _ 2po 1.8559 0 53883000 2 6 6.9(+5) 0.11 0.0013 -0.67 D 1 

1.8552 0 53903000 2 4 4.4(+4) 0.0045 5.5(-5) -2.04 E 1 
1.8572 0 53844000 2 '2 1.96(+6) 0.101 0.00124 -0.69 C 1 

3. 1 s22s- 2S _ 2po 1.8615 0 53720000 2 6 4.1(+6) 0.64 0.0079 0.11 C 1 
Is2pCPO)2s 

1.8604 0 53752000 2 4 4.74(+6) 0.492 0.0060 -0.007 C 1 
1.8637 0 53657000 2 2 2.93(+6) 0.153 0.00187 -0.52 C 1 

4. Is'Zp-lsZs' 'po -'S 1.895 6 Z 1.9(+5) 0.0035 1.3(-4) -1.68 D+ 1 

[1.897] 4 2 9.4(+4) 0.0025 6.3(-5) -1.99 D+ 1 
[1.891] 2 2 9.5(+4) 0.0051 6.3(-5) -1.99 D+ 1 

5. Is 22p-ls2p 2 2pO _ 4p 

1.8721 520720 53937000 4 6 3.3(+5) 0.026 6.4(-4) -0.98 D 1 
1.8700 392000 53077000 2 4 1300 1.4(-4) 1.7(-6) -3.56 E 1 

1.8739 520720 53877000 4 4 8.1(+4) 0.0043 1.1(-4) -1.77 D 1 
1.8721 392000 53807000 2 2 1.9(+5) 0.010 1.2(-4) -1.70 D 1 
1.8767 520720 53807000 4 2 2000 5.3(-5) 1.3(-6) -3.68 E 1 

6. 2po _ 2D 1.8648 477810 54104000 6 10 2.6(+6) 0.23 0.0084 0.14 C 1 

1.8655 52072Q 54126000 4 6 2.10(+6) 0.164 0.00404 -0.182 C 1 
1.8626 392000 54070000 2 1- 3.13(+6) 0.326 0.00399 -0_186 C 1 

1.8678 520720 54070000 4 4 3.0(+5) 0.016 3.9(-4) -1.20 D 1 

7. ~po _ 2p 1.8618 477810 54188000 6 6 6.5(+6) 0.340 0.0125 0.310 C 1 

1.8614 520720 54244000 4 4 6.2(+6) 0.32 0.0079 0.11 C 1 

[1.8627] 392000 54077000 2 2 5.4(+6) 0.28 0.0034 -0.25 C 1 

1.8672 520720 54077000 4 2 1.57(+6) 0.0410 0.00101 -0.78 C 1 
1.858 392000 54244000 2 4 13(+!l) 0.013 1.6( -4) -1.57 D 1 
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TRANSITION PROBABILITIES FOR IRON; COBALT., AND NICKEL 

Fe_XXIV: Allowed transitions-Continued 

Transition 
X(A) f..i(cm- I

) Edcm- 1) Ak;(IOBs- 1) Pk S(at.u.) log gf 
Accu-

Source No. Multiplet g; gk 
array racy 

-

8. 2po _ 2S 1.8550 477810 54385000 6 2 2.54(+6) 0.0437 0.00160 -0.58 C 1 

1.8563 520720 54385000 4 2 2.44(+6) 0.063 0.00154 -0.60 'C 1 
1~85Z3 392000 54385000 2 2 8.8(+4) 0.0045 5.5(-5) -2.04 D 1 

9. 2s'-2p 2S_ 2po 209.29 0 477810 2 6 33.2 0.0654 0.0901 -0.883 B+ 3 

192.04 0 520720 2 4 43.2 0.0478 0.0604 -1.020 B+ 3 
255.10 0 392000 2 2 18.1 0.0177 0.0297 ;.....1.451 B+ 3 

10. 2s-3p 2S _ 2po 10.634 0 9404100 2 6 7.36(+4) . 0.374 0.0262 -0.126 B+ 5,7 

10.619 0 9417100 2 4 7.28(+4) 0.246 0.0172 -0.308 ·B+ 5,7 
10.603 0 9378200 2 2 7.51(+4) 0.128 0.00899 -0.592 B+ 5,7 

11. 2s-4p ~ _ 2po 7.987 0 12520000 2 6 3.4(+4) 0.097 0.0051 -0.71 ·C+ 9 

7.983 0 12520000 2 4 3.43(·~· 4) 0.0655 0.00344- 0.003 CI 9 

7.993 0 12510000 2 2 3.4(+4) 0.033 0.0017 -1.18 'C+ 9 

i2. 2s-5p ~_ 2po 7.169 0 13950000 2 6 1.7(+4) 0.040 0.0019 -1.10 C+ 12 

13. 2s-~p ~ _ 2po 6.787 0 14730000 2 6 L02(+4) 0.0212 9.47(-,.4 -1.373 C+ 12 

14. 2s-7p 2S _ 2pO 2 6 0.0125 -- -' 1;602 C+ 12 

15. 2p'-3s 2pO _ 2S 11.370 477810 9272500 6 2 2.6(+4) 0.017 0.0038 -0.99 D 8 

11.422 520720 9272500 4 2 1.80(+4) 0.0176 0.00265 -1.152 C 8 
11.262 392000 .9272500 2 2 7900 0.015 0.0011 -1.52 D 8 

16. 2p-3d 2po _2D 11.124 477810 9467100 6 10 2.19(+5) 0.678 0.149 0.609 B 5 

11.171 520720 9472500 4 6 2.18(+5) 0.611 0.0899 0.388 B 5 
11.030 392000 9459000 2 4 1.84(+5) 0.670 0.0487 0.127 B 5 
11.187 520720 9459000 4 4 3.6(+4) 0.068 0.010 -0.57 B 5 . 

17. 2p-4s 2po _ 28 8.339 477810 12470000 6 2 1.0(+4) 0.0036 6;0(-'4) -1.66 D 9 

[8.369J 520720 12470000 4 2 6900 0.0036 4.0(-4) -1.84 D 9 
[8.280J 392000 12470000 2 2 3600 0.0037 2.0(-4) -2.13 D 9 

18. 2p-4d 2po _ 2D 8.284 477810 12550000 n 10 7.16(+4) 0~123 0.0201 -0.133 C+ 9 

8.316 520720 12550000 4 6 7.07(+4) 0.110 0.0120 -0.357 C+ 9 
8.231 392000 12550000 2 4 6.10(+4) 0.124 0.00672 -0.606 C+ 9 
8.316 520720 12550000 4 4 1.18(+4) 0.0122 0.00134 -1.312 C 9 

19. 2p:-5d 2po ..;.2D 7.412 477810 13970000 ,6 10 3.3(+4) 0.045 0.0066 -0.57 C- 10 

. 7.438 520720 . 13970000 4 6 3.26(+4) 0.0405 0.00397 -0.79 C 10 
7.370 392000 13970000 2 4 2.8(+4)· 0.046 0.0022 -1.04 C 10 
7.438 520720 13970000 4 4 5400 0.0045 4.4(-4) -1.74 D 10 

20. 2p-6d 2po _ 2D 7.012 477810 14740000 6 10 1.79(+4) 0;0220 0.00305 -0.879 C+ 12 

·7.033 520720 14740000 4 6 1.78(+4) 0.0198 0.00183 -1.102 C+ Is 
6.972 392000 14740000 2 4 1.52(+4) 0.0222 0.00102 -1.352 C+ l~ 

7.033 520720 14740000 4 4 2900 0.0022 2.0(-4) -2.06 D Is 

21. 2p-7d 2po _ 2D 6.788 477810 15210000 6 10 1.09(+4) 0.0126 0.00169 -1.l21 C+ 12 

6.808 520720 15210000 4 6 1.08(+4) 0.0113 0.00101 -1.346 C+ Is 
[6.749] 392000 15210000 2 4 9280 0.0127 5.63(-4 -1.596 C+ Is 
6.808 520720 15210000 4 4 1800 0.0012 1.l(-4) -2.31 D Is 
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Fe XXIV: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A) f.,~(cm-I) Ek(cm- 1) Aki (l08S- 1) jk S(at.u.) log gf 
Accu· 

gi gk Source array racy 

22. 3s-4p 2S _ 2pO 30.8 9272500 12520000 2 6 1.1(+4) 0.45 0.091 -0.05 C 12 

[30.7] 9272500 12530000 2 4 1.1(+4) 0.30 0.061 -0.22 C Is 
[30.9] 9272500 12510000 2 2 1.0(+4) 0.15 0.030 -0.53 C Is 

23. 3s-5p 2S _ 2pO [21.4] 9272500 13950000 2 6 5200 0.108 0.0152 -0.67 C 12 

24. 3s-6p 2S _ 2po [18.3] 9272500 14730000 2 6 3200 0.048 0.0058 -1.02 C 12 

25. 3s-7p· 2S _ 2pO 2 6 0.0250 -1.301 C 12 

26. 3p-4d 2po _ 20 31.8 9404100 12550000 6 10 2.4(+4) 0.60 0.38 0.56 B 12 

[31.9] 9417100 12550000 4 6 2.4(+4) 0.55 0.23 0.34 B Is 
[31.5] 9378200 12550000 2 4 2.1(+4) 0.63 0.13 0.10 B is 
[31.9] 9417100 12550000 4 4 3900 0.060 0.025 -0.62 C+ is 

27. 3p-5d 2pO _ 20 21.9 9404100 13970000 6 10 1.15(+4) 0.138 0.0597 -0.082 C+ 12 

[22.0] 9417100 13970000 4 6 1.14(+4) 0.124 0.0358 -0.306 C+ is 
[21.8J 9378200 13970000 :2 4 9730 0.139 0.0199 -0.557 C+ Is 
[22.0] 9417100 13970000 4 4 1900 0.014 0.0040 -1.26 0 is 

28. 3p-6d 2po _ 20 18.7 9404100 14740000 6 10 6390 0.0558 0.0206 -0.475 C+ 12 

[18.8] 9417100 14740000 4 6 6300 0.0501 0.0124 -0.698 C+ is 
[18.7] 9378200 14740000 2 4 5320 0.0558 0.00687 -0.952 C+ is 
[18.8] 9417100 14740000 4 4 1100 0.0057 0.0014 -1.65 0 is 

29. 3p-7d 2pO _ 20 17.2 9404100 15210000 6 10 3910 0.0289 0.00982 -0.761 C+ 12 

[17.3] 9417100 15210000 4 6 3840 0.0259 0.00589 -0.985 C+ is 
[17.1] 9378200 15210000 2 4 3310 0.0290 0.00327 -1.236 C+ Is 
[17.3] 9417100 15210000 4 4 640 0.0029 6.5(-4) -1.94 0 is 

30. 3d-4f 20 _ 2Fo 10 14 1.00 l.000 B 11 

31. 4s-5p 2S _ 2pO [67.6] 12470000 13950000 2 6 2330 0.478 0.213 -0.020 C 12 

32. 4s-6p 2S _ 2pO [44.2J 12470000 14730000 2 6 1460 0.128 0.0373 -0.59 C 12 

33. 4s-7p 2S _ 2pO 2 6 0;056 -0.95 C 12 

34. 4p-5d 2po _ 20 69.0 12520000 13970000 6 10 4920 0.585 0.797 0.545 C+ 12 

[69.4J 12530000 13970000 4 6 4830 0.523 0.478 0.321 C+ is -
[68.5J 12510000 13970000 2 4 4190 0.590 0.266 0.072 C+ is 
[69.4J 12530000 13970000 4 4 800 0.058 0.053 -0.63 0 is 

35. 4p-6d 2po _ 20 45.0 12520000 14740000 6 10 2810 0.142 0.126 -0.070 C+ 12 

[ 45.2] 12530000 14740000 4 6 2760 0.127 0.0756 -0.294 C+ is 
[44.8] 12510000 14740000 2 4 2370 0.142 0.0420 -0.545 C+ is 

[ 45.2J 12530000 14740000 4 4 460 0.014 0.0084 -1.25 0 is 

36. 4p-7d .2po _ 2D 37.2 12520000 15210000 6 10 1780 0.0617 0.0453 -0.432 C+ 12 

[37.3] 12530000 15210000 4 6 1770 0.0554 0.0272 -0.655 C+ is 
[37.0] 12510000 15210000 2 4 1510 0.0620 0.0151 -0.907 C+ is 

[37.3] 12530000 15210000 4 4 290 0.0061 0.0030 -1..61 0 is 

U The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 
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TRANSITION PROBAQILITIES FOR IRON, COBALT, AND NICKEL 

Fe·xxv 

467 

Ground State 

Ionization· Potential [8828.8]eV == [71208500] cm- 1 

Allowed TranSitionS 

List of tabulated lines 

. Waveiength (A) No. Wavelength ·(A) No. 

1.4607 19 1;792 9 
L4611' 18 1.793 3 
1.4945 17 1.794 9 
1.4952 16 1.797 II 
1.5730 15 1.798 11 

1.5749 14 1.800 5 
1.778 4 1.802 7 

1.782 13 1.810 8 
1.787 6,10 1.8502 2 

1;788 3,9 1.8593 I 

1.789 9 6.7073. 27 
1.790 9 6.8157 28 
1.7Ql :\.12 0.8288 37 

Oscillator strengths for transitions of the ls2-1s2parray are 
taken fro~ the results of Drake [l], who inCorporated accurate 
nonrelativistic matrix elements and exact Dirac hydrogenic matrix 
elements into a Z -expansion technique in order to· provide f-values 
which would accurately reflect correlation effects for low-Z ions and 
relativistic effects forhigh-Z ions of the He isoelectronic sequence. 
Results for the stronger transitions to doubly excited n = 2 states 
are ·from the charge-expansionperturhation theory calculations· of 
Vaillshtein and Safronova [2]. The f-values for the 
(n= 3-5) transitions were interpolated from reSults of the relativ
istic random phase approximation (RRP A) calculations of lolnison 
and Lin [3]. Data for numerous others-p and p'-s transitions are' 
from the RRP A results of Lin et at [4~5]. 

The Z-expanSlion reSlult'sof T.allgh1in [6J haVf~ heentahulatecl for 

various p -d and d - p transitions, as well as transitions between 4d 
and 4f levels. F or those multiplets which. involve no change of 
quantum number (3p-3d, 4p-4d, 4d-4j) the results .should be 
considered to be rather uncertain, since the j~values are very sensi
tive to energy differences. It should he noted that, according to 
Laughlin's calculations, the nd In levels (n~ 3,4) lie below the 

Wavelength (A) No. Wavelength (A) No. 
\ 

6.9468 . 38 28.950 41 
7.4924 .25 29.253 42 
7.6191 26 29.795 46 
7.6527 33 30.224 47 
7.7930 54 62.846 57 

10.038 23 63.295 58 

10.221 24 64.608 .60 

10.371 29 65.342 61 
10.586 30 194.9 21 

19.934 43 272.6 20 
20.139 44 384.3 22 
20.272 50 398.9 20 
20.527 51 426.6 20 

corresponding np' IpO levels, a~d that the '4f IFo level lies below 
4d In. The opposite is true for the triplet states. Oscillator strengths 
for a few p -d· transitions were extrapolated from the variational . 
calculations of Weiss [7]. . 

. Brown and Cortez [8Jhave providedf-values for numerous d-j' 
and f -d transitions for the entire isoelectronic . sequence by deriving 
Z -expansion formulae based on variational calculations for the low-Z 
ions. Their results for transitions between thelower-lyihg D and FO 
terms are tabulated here. 
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Fe xxv: Allowed transitions 

No. 
Transition 

Multiplet A(A) E;(cm":'l) E.(cm- I ) Adl08s- l ) J,. S(at.u.) log !if 
Accu-

Source 
array 

g; gk 
racy 

---

I. ls2-ls2p IS _ .lpo 

[1.8593] 0 [53785000] 1 3 4.42(+5), 0.0087 4.21(.....:4 -1.163 B 1 

2: IS _ IpO [1.8502] () [54047400] 1 3 4.57(+6) 0.703 0.00428 -0.153 B I 
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Fe xxv: AUowed transitions-Continued 

No. 
Transition 

Multiplet X(A) t:(cm- I) Ek(cm- I ) Adl08s- l ) /.1 S(at.u.) log gf 
Accu· 

Source array gi gk 
racy 

3. ls2s-2s2p ~S - :Ipe 1.790 [53534300] [109400000j 3 9 2.8(+6) 0.41 0.0072 0.09 C 2 

[1.788] [53534300] [109450000] 3 5 2.9(+6) 0.23 0.0041 -0.16 C 2 
[1.791] [53534300] [109350000] 3 3 2.7(+6) 0.13 0.0023 -0.41 C 2 
[1.793] [53534300] [109300000] 3 1 2.8(+6) 0.045 8.0(-4) -0.87 C 2 

4. 3S _ Ipe 

[1.778] [53534300] [109760000] 3 3 1.l(+5) 0.0052 9.2(-5) -1.81 0 2 

5. IS _ :ipe 

ll.HOOJ [5378nOOJ [109350000] 1 3 1.1(+!» O.Ulb 9.!>(-!» -usu V z 

6. IS _ IpO [1.787] [53787200] [109760000] 1 3 2.8(+6) 0.40 0.0024 -0.40 C 2 

7. Is2p-2s2 :ipO _ IS 

[1.802] [53785000] [109290000] 3 1 4.9(+5) 0.0080· 1.4(-4) -1.62 0 2 

8. Ipo _ IS [l.81O] [54047400] [109290000] 3 1 5.9(+5) 0.0097 1.7(-4) -1.54 0 2 

9. Is2p-2p2 :ipO _:lp 1.791 [53847700j [109670000j 9 9 5.1(+6) 0.243 0.0129 0.340 C 2 

[1.792] [53901100] [109700000] 5 5 2.9(+6) 0.14 0.0041 -0.16 C 2 
[1.790] [53785000] [109650000] 3 3 1.3(+6) 0.062 0.0011 -0.73 C 2 
[1.794] [53901100] [109650000] 5 3 2.4(+6) 0.069 0.0021 -0.46 C 2 
[1.792] [53785000] [109590000] 3 1 5.2(+6) 0.083 0.0015 -0.60 C 2 
[1.788] [53785000] [109700000] 3 5 1.8(+6) 0.14 0.0025 -0.37 C 2 
[1.789] [53768700] [109650000] 1 3 1.9(+6) 0.27 0.0016 -0.56 C 2 

10. ~po _ 10 

[1.787] [53901100] [109870000] 5 5 1.4(+6) 0.067 0.0020 -0.47 C 2 

11. IpO _ :ip 

[1.797] [54047400] [109700000] 3 5 1.0(+6) 0.081 0.0014 -0.62 C 2 
[1.798] [54047400] [109650000] 3 3 1.2(+5) 0.0058 1.0(-4) -1.76 0 2 

12. Ipe _ In [1.791] [54047400] [109870000] 3 5 4.3(+6) 0.34 0.0061 0.01 C 2 

13. Ipo _ IS [1.782] [54047400] [110160000] 3 1 5.0(+6) 0~079 0.0014 -0.62 C 2 

14. Is!!-ls3p IS _ :lpo 

[1.5749] 0 [63496000] 1 3 1.5(+5) 0.017 8.8(-5) -1.77 E interp. 

15. IS _ IpO [1.5730] 0 [63570800] 1 3 1.24(+6) 0.138 7.15(-4 -0.860 B 4 

16. Is2-1s4p IS _ :lpO 

[1.4952] 0 [66881100] 1 3 6.0(+4) 0.0060 3.0(-5) -2.22 E interp. 

17. IS _ Ipo [1.4945] 0 [66912100] 1 3 5.05(+5) 0.0507 2.49(-4 -1.295 B 4 

18. ls2-1s5p . IS _ :ipe 

[1.4611] 0 [68443500] I 3 3.1(+4) 0.0030 1.4(-5) -2.52 E interp. 

19. IS _ Ipe 1.4607 0 [68459300 1 3 2.54(+5) 0.0244 1.17(-4 -1.613 B 4 
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Fe xxv: AUowed tranSitions-':"Coiltinued 

No. 
Transition 

Multiplet X(A) Ej(cm-I) Ek(cm- I ) Ak .. (lOBs-I) jk S(at.u.) log gf 
Accu-

Source 
array 

gi gk 
racy 

20. ls2s-1s2p 3S_ :lpO. 319.1 " [53531300] [538477ooJ 3 \) 9.01 0.0400 0.120 -0.011 B 5 

[272.6] [53534300] [53901100] 3 5 14.7 0.0273 0.0735 -1.087 B 5 

[398.9J [53534300J [53785000] 3 3 4.31 0.0103 0.0405 -L511 B 5 
[426.6] [53534300] [53768700] 3 1 3.82 0.00347 0.0146 -1.982 B 5 

21. '5 - IpO 

[194.9] [53534300J [54047400] 3 3 3.46 0.00197 0.00379 -2.228 B 5 

22. IS _ IpO [384.3] [53787200] [54047400] 1 3 "4.96 0.0329 0.0417 -1.482 B 5 

23. ls2s-1s3p" as _ apo 

[1 ()'038] [53534300J [63496000] 3 3 8.08(+4) 0.122 0.0121 -0.437 B 4 

24. IS _ IpO [10.221] [53787200] [63570800] 1 3 7.75(+4) 0.364 0.0122 -0.439 B 4 

25. Is2s-1s4p 3S _ 3po' 

[7.4924] [53534300] [66881100] 3 3 ~.6(+4) 0.030 0.0022 -1.05 B 4 

26. IS _ Ipo [7.6191] [53787200] [66912100] 1 3 3.4(+4) 0.088 0.0022 -1.06 B 4 

"27. ls2s-1s5p 3S _ apo 

[6.7073] [53534300] [68443500J 3 3 "1.8(+4) 0.012 7.9(-4) -: 1.44 B" 4 

28. IS _ Ipo [6.8157] [53787200] [68459300] 1 3 1.7(+4) 0.036 8.1(-4) -L44 B 4 

29. ls2p-ls3s apo -"5 

[10.371] [53785000] [63426900] 3 3 8700 0.014 0.0014 -1.38 B 4 

30. IpO _ IS [10.586] [54047400J [63493700J 3 I 2:5(+4) 0.(H4 0.0015 " -1.38 B 4 

31. Is2p-ls3d apo _ aD 9 15 0.69 0.79 C+ interp. 

32. 'po - 'D ;i :'I 0.70 0.32 C+ interp. 

33. ls2p-ls4s apo _3S 

[7.6527] (53765000) [u(}8:i2300] 3 3 3500 0.0031 " 2.3(-4) -2.03 c 4 

34. Ipo - IS [7.7930] [54047400) (66879400] 3 1 1.0(+4) 0.0031 2.4(-4) -2.03 c 4 

35. ls2p-ls4d :ipO _ 3D 9 15 0.12 0.03 C 6 

36. Ipo _ ID 3 5 0.12 -0.44 C 6 

37. Is2p-ls5s 3po _ as 

[6.8288] [53785000] [68428900] 3 3 1700 0.0012 8.1(-5) -2.44 C 4 

38. Ipo - IS [6.9468J [54047400J [68442500] 3 1 5000 0.0012 8.2(-5) -2.44 C 4 

39. 1s3s-ls3p 3S _ 3pO 

3 3 0.016 -1.32 C 4 

40. IS _ IpO ] :~ 0.056 -1.25 C 4 

41. ls3s-Ls4p 3S _ 3pO 

1.07( +4) I 0.135 [28.950J [63426900] [6688l'l00] 3 3 0.0386 -0.393 B 4 
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Fe xxv: AUowed transitions-Continued 

No. 
Transition 

Multiplet A(A) f..:(cm- I) Edcm- 1) A.i (l08S - 1) j. S(at.u.) log gf 
Accu· 

Source gi g. array racy 

42. 's - Ipo [29.253] [63493700] [66912100] 1 3 1.04{+4) 0.400 0.0385 -0.398 8 4 

43. Is3s-1s5p 3S"_ :lpO 

[19.934J [63426900J [68443500J 3 3 5700 0.034 0.0067 -0.99 8 4 

44. 's - Ipo [20.139J [63493700J [68459300J 1 3 5650 0.103 0.00683 -0.987 8 4 

45. Is3p-ls3d 3pO _ 30 9 15 0.012 -0.97 D in!erp . 

46. Is3p-ls4s . 1pO _ .~S 

[29.795J [63496000J [66852300J 3 3 2500 0.033 0.0097 -1.00 8 4 

47. Ipo _ IS [30.224] [63570800J [66879400J " 3 1 7400 0.034 0.010 -0.99 B 4 

48. Is3p-ls4d 3pO _ :10 9 15 0.60 0.73 C 6 

49. Ipo _ ID 3 5 0.62 0.27 C 6 

50. Is3p-ls5s :lpo _:is 

[20.272] [63496000] [68428900J 3 3 1200 0.0073 0.0015 -1.66 C 4 

51. Ipe _ IS [20.527J [63570800] [68442500J 3 1 3700 0.0077 0.0016 -1.64 C 4 

52. Is3d-ls3p ID _ Ipo 5 3 0.0020 -2.00 E 6 

53. Is3d-ls4p 30 _ :lpO 15 9 0.012 -0.74 C 6 

54. 10 _ Ipo 5 3 0.011 -1.26 C 6 

55. ls4s-1s4p 35 _ :lpo 

3 3 0.023 -1.16 E 4 

56. IS _ Ipe 1 3 0.078 -1.11 D 4 

57. Is4s-1s5p 3S _ :lpO 

[62.846J [66852300] [68443500] 3 3 2530 0.150 0.0931 -0.347 8 4 

58. IS _ Ipe [63.295J [66879400J [68459300] 1 3 2480 0.446 0.0929 -0.351 8 4 

59. Is4p-ls4d 3po _ 30 9 15 0.019 -0.77 D 6 

60. Is4p-lsSs :lpO _ :15 

[64.608J [66881100] [68428900] 3 3 850 0.053 0.034 -0.80 B 4 

61. Ipe _ IS [65.342] [66912100J [68442500] 3 1 2600 0.055 0.035 -0.78 B 4 

62. Is4d-ls4p 10 _ IpO 5 3 0.0031 -1.81 E 6 

63. ls4d-ls4J :ID _ :iFe 15 21 7.8(-4) -\.93 E 6 

64. Is4d-lsSJ 30 _ 3Fo 15 21 0.89 1.13 B 8 

65. 10 _ IFe 5 7 0.89 0.65 8 8 

66. Is4f-ls4d Ire - 10 7 5 4.2(-4) -2.53 t.: b 

67. . ls4f-ls5d :Ire _ :10 21 15 0.0089 -0.73 C 8 

08. 'fo - '0 7 :; 0.0089 -1.21 C 8 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 471 

Fe xxv: Allowed transitionS~ontiriued 

No. 
Transition 

Multiplet X(A) Ei(cm- I) Ek(cm- 1) Aki(106s- 1) j;k S(at.u.) log gf 
Accu-

Source gi gk 
array racy 

69. ls5s-1s5p ~ _ :lpO 

3 3 0.029 -1.06 E 4 

7~'1 
IS _ IpO 1 3 0.099 -1.00 E 4 

• The number in parentheses following the -tabulated value indicates the power of teri by which this value has to be multiplied. 

Fe XXVI 

,Ground State 

Ionization Potential [9277.2] eV = [74827600] em-\ 

Allowed Transitions 

The transition probability data for this hydrogen-like ion may be 
obtained by scaling the data available for the hydrogen spectrum (see 
NSRDS-NBS 4 [I]) according to 

fie XXVI = ./Hydrogen, 

AFe XXVi = -(26 t AHydrogen, 

SFexxvl = -(26F2 
SHydrogen-' 

~uncerl:airity of a few percent arises from the neglect -of relativistic 
~ffects. Recent theoretical studies [2,3] indicate -that relativistic 
effects on line strengths for this ion are generally in this range, with 
the relativistic -value usually slightly below the non~relativistic one, 
although in certain transitions where nincreases a~d l decr~ases the 

line strength inoreases. Younger and Weiss [3] have calculated 
exact Dirac relativistic hydrogenic line strengths for a number' of 
transitions of interest along the hydrogen isoelectronie sequence. 

Reference$ 

[IJ Wiese, W. L., Smith, M. W.,and Glennon, B. M., Atomic Transition 

Probabilities-Hydrogen thrOligh Neon (A Critical Data Compilation), Vol. I, 
157 pp., Nat. Stand. Ref. Data Ser., Nat. Bur. Stand. (U.S.), 4 (May 1966)., 

[2J Garstang, R. H .• Topics in Modern Physics (A Tribute to Edward U. Condon), 
153-167, Ed. Brittin, W. E., andOdabasi, H., Colorado AssociatedUniv. Press, 
Boulder, Colorado (1971). 

[3] Younger, S. M., and Weiss, A. W., J. Res. Nat.-Bur. Stand .• Sect. A 79,629 
(1975). 
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472 FUHR ET AL. 

Cobalt 

Co I 

Ground State 

Ionization Potential 7.86 eV = 63430 cm- l 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. 

2236.80 24 2886.44 12 3433.05 32 3842.05 49 
2274.50 23 2916.03 13 3442.92 4 3845.47 50 
2287.80 44 2928.81 11 3443.64 31 3861.16 49 
2295.22 22 2987.l7 9 3449.17 31 3873.12 27 
2304.18 21 2989.59 11 3449.44 31 3873.95 27 
2305.l7 23 3000.55 II 3453.51 31 3881.87 27 
2309.03 21 3013.59 8 3455.24 4 3884.60 48 
2323.13 21 3017.55 9 3456.92 3 3885.28 47 
2325.53 23 3034.43 10 3462.80 32 3894.07 50 
2335.98 21 3042.48 8 3465.79 3 3894.98 27 
2337.95 23 3044.00 9 3483.41 32 3909.93 I 
2338.66 21 3048.89 9 3483.80 3 3922.76 48 
2339.05 22 3054.72 11 3489.40 52 3935.96 48 
2346.16 22 3061.82 9 3490.74 29 3940.89 27 
2352.86 43 3062.20 10 3491.32 4 3941.73 26 
2353.36 21 3064.37 11 3495.68 31 3957.93 27 
2355.48 21 3071.96 10 3496.68 28 3965.01 47 
2358.18 21 3072.34 9 3502.28 30 3979.52 I 
2365.06 17 3082.61 8 3502.63 4 3995.31 47 
2370.51 19 3086.78 9 3506.31 30 3997.90 48 
2371.85 22 3089.60 8 3509.84 31 4020.90 25 
2384.86 16 3098.l9 8 3510.43 4 4045.39 47 
2392.03 17 3110.82 9 3512.64 30 4092.39 46 
2401.60 20 3118.25 9 3513.48 3 4118.77 45 
2402.06 16 3121.42 7 3518.34 52 4121.32 45 
2406.27 41 3121.57 9 3520.08 2 4781.43 57 
2407.25 17 3127.25 35 3521.57 29 4920.27 !>7 
2411.62 17 3129.01 36 3523.42 30 5082.12 54 
2412.76 20 3136.73 6 3526.85 2 5094.96 62 
2414.46 17 3137.33 8 3529.03 3 5176.09 62 
2415.29 17 3139.95 7 3529.82 31 5426.73 56 
2424.93 16 3147.06 8 3533.36 3 5647.23 63 
2425.59 42 3149.31 7 3550.59 2 5659.12 59 
2429.23 18 3158.77 8 3552.72 4 5881.08 58 
2432.21 16 3186.35 6 3558.77 29 5890.49 59 
2435.82 15 3189.75 7 3560.89 30 5915.55 59 
2436.66 16 3219.15 6 3564.95 28 5990.42 61 
2439.04 16 3223.15 36 3569.37 51 6005.03 53 
2460.80 16 3237.03 5 3574.97 30 6093.14 53 
2511.U2 :-51) 3261.62 34 :-5575.36 2 6158.51 58 

2521.36 14 3333.39 34 3584.80 4 6168.86 59 
2528.97 14 3334.15 32 3585.15 30 6189.01 53 
2530.13 39 3337.17 34 3587.19 51 6230.97 53 
2535.96 14 3354.37 32 3394.87 2 6202.64 53 

2536.49 40 3367.11 31 3602.08 2 6771.04 55 
2544.25 14 3385.22 31 3605.37 29 6814.95 55 
2562.12 14 3395.37 34 3618.01 52 7016.60 55 
2567.311 14- 3405.12 32 3627.S1 2S 7052.S7 55 

2574.35 14 3409.18 32 3631.39 2 7054.04 64 
2685.34 38 3412.34 34 3647.66 2 7154.69 60 
2695.85 38 3412.63 4 3652.54 2 7417.38 60 
2764.19 .!:I7 ~4.l<1.72 ~~ ~704..06 51 7590.57 60 
2815.56 37 3417.l5 32 3745.49 50 
2850.95 13 3417.80 28 3811.07 47 
2862.60 12 3431.58 4 3841.46 48 

---
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TRANSITION PROBABILITIES FOR IRON, C08ALT, AND NICKEL 473 

For this spectrum, we have utilized two very recent experiments. 
These are the measurements· by Cardon·and Smith [IJ, who obtained 
relative oscillator strengths .by the anomalous· dispersion (hook) 
method, and by Whaling [2J, who determined the absolute oscillator 
strengths of. lines originating from common upper levels· by com
bining "hollow cathode discharge. (branching ratio) measurements 
with known lifetime data for theSe atomic levels. 

For most levels, Whaling used the lifetimes measured directly by 
Figgeretal. [3], who observed the exponential decay curves re
sulting from selective laser excitation. Whaling also provided abso
lutef-values for lines originating from some upper levels notmeas
uredby Figger et aL The . lifetimes of these levels were obtained by 
using the technique provided by Roberts,. Andersen, and Sorensen 
[4] (see eq(5)) .. We estimate these additional lifetimes to be some
what less accurate than those of ref. [3]. 

Cardon and Smith~d several of Whaling's absolute J-values to 
... normalize theirrclative scale. The OYc::i'all agreement between refs. 

[lJ and [2] thenturried out to be excellent;· 72% of the 50 over· 
lapping absolute log ·g(-values agreed wit~ 25%, and 90% ofthe 

. data agreed within 50%~ For alloverlappIDs lines we selected Car~ 
don and Smith'sf-values, since they are based on one common scale 

throughout,while Whaling's data are based on a different scale for 
each upper level involved~ 

Another source providing relative oscillator strengths are the 
hook measurements of Ostrovskii and Penkin [5]. We found these 
log gf-values, whEm lowered hy 4~65, to agree quite well (generally 
within 50%)with those of refs. [1] and [2]. However, we did not use 
the data of ref. [5] in this compilation, because the same lines are 
already covered by Cardon and S~th or by Whaling. In a few cases, 
where the J-valuesof Cardon and. Smith and those of Whaling 
showed serious disagreement, i.e., for the 3462.80 A, 3997.90 A, 
and 3745.49 A lines, Ostrovskiiand Penkin's data were of key 
importance in our selections. 

References 
[1] Cardon, B.L., and Smith, P. L.. private communication (1978). 
[2] Whaling,W., private corilIllUnication (1978)~ 
[3] Figger, H., Heldt, J., Siomos, K., and Walther, H., AstrOD. Astrophys. 43,389 

(1975). 

[4J Roberts, J. R .• Andersen, T., and Sorensen, G., Astrophys. J. 181.567 (1973). 

[5]Ostrovskii, Yu. I., and Penkin, N. P., Opt. Spektrosk. 5, 345 (1958) . 

NOTE: The data of refs. [1,2J are to be published j~intly after significant revision 
. and will supersede the present values. 

CO I: Allowed transitions 

. No. Multiplet X(A) E;(cm-1
) Et(cm-:- I

) gi g. A.dl0S 
5-

1
) fi. S(at. u.) log gf Accuracy Source 

l. a 4F - Z beO. 

(3) 

3909.93. 0.0 25569 10 12 0.0019 5.1(-4)" 0.066 -2:29 C I 
3979.52 816.0 25938 8 10 0.0024 7.2(-4) 0.075 "':'2.24 D I 

2; a 4F - z 4Fo 

(4) 

3526.85 0.0 28346 10. 10 0.12 0.023 2.7 -0.64 C I 
3575.36 816.0 28777 8 8 0.094 0.Ql8 1.7 -0.84 C 1 

I 

3594.87 1406.8 29216 6 6 0.086 0.017 1.2 -1.00 C 1 
3602.08 1809.3 29563 4 4 0.10 0.019 0.92 -1.11 C 1 
3520.08 816.0 29216 8 6 0.034 0.0048 0.44 -1.42 C 1 
3550.59 1406.8 29563 6 4 0.042 0.0053 0.37 -1.50 C 1 
3631.39 ·816.0 28346 8 10 0.0065 0.0016 0.15 -1.89 C 1 
3652.54 1406.8 28777 6 8 0.0095 0.0025 0.18 -1.82 C I 
3647.66 1809.3 29216 4 6 0.012 .0.0035 0.17 -1.86 C I 

3. a 4F - z 4GO 

(5) 

3465.79 0.0 28815 10 12 0.097 0.021 2.1 -0.68 C 1 
3513.48 816.0 29270 8 10 0.084 0.019 1.8 -0,81 C I 
3529.03 .1406.8 29735 6 8 0.090 0.022 1.6 ~0.87 C ·1 
3533.36 1809.3 30103 4 6 0.091 0.026 1.2 -0.99 C 1 
3456.92 816.0 29735 8 8 0.0041 7.4(-4) 0.067 -2.23 C I 
3483.80 1406.8 30103 6 6 0.0050 9.2(-4) 0.063 -2.26 E I 

4. a 4F - z 4Do 3438.6 793.1 29866 28 20 0.17 0.021 6.7 -0.23 C 1 
(6) 

3412.63 0.0 29295 10 8 0.12 0.016 l.8 -0.79 C I 
3431.58 816.0 29949 8 6. 0.11 0.015 l.3 -0.93 C I 
3442.92 1406.8 30444 6 4 0.12 0.015 0.99 -1.06 C 1 
3455.24 1809.3 30743 4 2 0.18 0.016 o.n -1.19 C I 
3510.43 816.0 29295 8 8 0.041 0.0075 0.70 --1.22 C 1 
3502.63 1406.8 . 29949 6 6 0.050 0.0092 0.6:1 -1.26 C 1 
3491.32 1809.3 30444 4 4 0.053 0.0097 0.45 -1.41 C I 
3584.80 1406.8 29295 6 8 0.0036 9.2(--4) 0.065 -2.26 C 1 
3552.72 1809.3 29949 4 6 0.004() 0.001:) 0.061 -2.28 D 1 
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CO J: Allowed transitions-Continued 

No. Multiplet X(A) E;(cm:- I) A~(cm-I) g; gk Ak;(108 S-I) /;k S(at. u.) log gf Accuracy Source 

5. a 4F - z 2G O 

(7) 

3237.03 816.0 31700 8 10 0.0082 0.0016 0.14 -1.89 C 1 

6. a 4F - z 2Fo 

(8) 

3136.73 0.0 31871 10 8 0.0023 2.7(-4) 0.028 -2.57 C 1 
3219.15 816.0 31871 8 8 0.0058 9.1(-4) 0.077 -2.14 C 1 
3186.35 1406.8 32782 6 6 0.0022 3.3(-4) 0:021 -2.70 0 1 

7. a 4F _ Y 400 

(9) 

3121.42 0.0 32028 10' 8 0.021 0.0025 0.26 -1.60 C 1 
3139.95 816.0 32655 8 6 0.028 0.0031 0.25 -1.61 C 1 
3149.31 1406.8 33151 6 4 0.031 0.0031 0.19 -1.73 C 1 
3189.75 1809.3 33151 4 4 0.0052 7.9(-4) 0.033 -2.50 0 1 

8. a 4F _ Y 4GO 

(10) 

3082.61 0.0 32431 10 12 0.026 0.0045 0.45 ~1.35 C 1 
3158.77 816.0 32165 8 10 0.023 0.0043 0.36 -1.46 C 1 

3147.06 1406.8 33173 6 8 0.045 0.0090 0.56 -1.27 C 1 
3137.33 1809.3 33674 4 6 0.047 0.010 0.43 -1.38 C 1 
3089.60 816.0 33173 8 8 0.024 0.0034 0.28 -1.56 C 1 
3098.19 1406.8 33674 6 6 0.027 0.0039 0.24 -1.63 C 1 
3013.59 0.0 33173 10 8 0.016 0.0017 0.17 -1.76 C 1 
3042.48 816.0 33674 8 6 0.020 0.0021 0.17 -1.78 C 1 

9. a 4F - Y 4Fo 3061.2 793.1 33451 28 28 0.22 0.030 8.6 -0.07 C 1 
(11) 

3044.00 0.0 32842 10 10 0.19 0.027 2.7 -0.57 C 1 
3061.82 816.0 33467 8 8 0.15 0.021 1.7 -0.77 C 1 
3072.34 1406.8 33946 6 6 0.15 0.021 1.3 -0.90 C 1 
3086.78 1809.3 34196 4 4 0.19 0.027 l.l -0.97 C 1 
2987.17 0.0 33467 10 8 0.050 '0.0054 0.53 -1.27 C 1 
3017.55 816.0 33946 8 6 0.072 0.0074 0.58 -1.23 C 1 
3048.09 1406.0 34196 6 4 0.078 0.0073 0.44 -1.36 C 1 

3121.57 816.0 32842 8 10 0.012 0.0023 0.19 -1.74 C 1 
3118.25 1406.8 33467 6 8 0.0031 6.1(-4) 0.037 -2.44 C 1 
3110.82 1809.3 33946 4 6 0.0026 5.7(-4) 0.023 -2.64 C 1 

" 

10. a 4F - z 200 

(12) 

3062.20 816.0 33463 8 6 0.0088 9.3(-4) 0.075 -2.13 C 1 
3034.43 1406.8 34352 6 4 0.018 0.0016 0.098 -2.01 C 1 
3071.96 1809.3 34352 4 4 0.016 0.0023 0.092 -2.04 C 1 

11. a 4F _ Y 2GO 

(13) 

2989.59 0.0 33440 10 10 0.037 0.0050 0.49 -1.30 C 1 
3000.55 816.0 34134 8 8 0.0090 0.0012 0.097 -2.01 C 1 
2928.81 0.0 34134 10 8 0.0024 2.5(-4) 0.024 -2.61 C 2 
3064.37 816.0 33440 8 10 0.0068 0.0012 0.096 -2.02 C 1 
3054.72 1406.8 34134 6 8 0.0038 7.1(-4) 0.043 -2.37 C 1 

12. a 4F _ )' 2FO 

(uv 1) 

2886.44 816.0 35451 8 8 0.017 0.0021 0.16 -1 .. 78 C 1 
2862.60 1406.8 36330 6 6 0.012 0.0015 0.086 -2.04 0 1 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 475 
. Co I: Allowed transitions~Continued 

No. Multiplet A(A.) f..~(cm-l) Edcm- I
) gi g, Aki(l08 S7 1) . f;k S(at. u;) . log gf Accuracy Source 

13. a 4F -, Y 2Do 

(uv 2) 

2850.95 1809.3 36875 4 4 0.0084 0.0010 0.038 -2;39 D 1 
2916.03 1809.3 36092 4 6 4.0(-4) 7.7(-5) 0.0030 -3.51 D 2 

14. a 4 F - x 4Do 
(uv 3) 

2521.36 0.0 39649 10 8 2.4 0.18 15 0.26 C 1 
·2528.97 816.0 40346 8 6 2.1 0.15 10 0.08 C 1 

2535.96 1406.8 40828 ·6 4 2.0 0.13 6.5 -0.11 C ·1 
2544.25 1809.3 41102 4 2 2.5 0.12 4.0 -0.32 C 1 
2574.35 816.0 39649 8 8 0.18 om8 L2 -0.84 C 1 
2567.34 1406.8 40346 6 6 0.31 0.031 .1.6 -0:73 C 1 
2562.12 1809.3 40828 4 4 0.41 0.041 1.4 . -0.79 C 1 

15. a 4F - 10 

2435.82 0.0 41041 10 8 0.015 0.0011 0.088 -1.96 C 1 

16. a 4F - x 4Fo 

(uv 5) 

2424.93 0.0 4-1226 10 10 2.9 0.26 21 0.41 ' C 1 
2432.21 816.0 41918 8 8 2.7 0.24 15 0.28 C 1 
2436.66 1406.8 42434 6 6 2.5 0.22 11 0.13 C 1 
2439.04 1809.3 42797 4 4 2.8 0.25 8.0 -0.00 C 1 
2::1H4.H6 U.U 41913 10 3 U.:lO 0.013 1.4 -0.75 C 1 
2402.06 816.0 42434 8 6 0.50 0.032 2.0 "':"0.59 C 1 
2460.80· 1809.3 42434 4 6 0.14 0.019 0.60 -1.13 D 1 

-
17. a 4F _ .. ·4CO 

. (uv 6) 

2407.25 0.0 41529 10 12 3;8 0.40 32 0.60 C 1 
2411.62 816.0 42269 8 10 3.9 0.42 27 0.53 C 1 
2414.46 1406.8 4281I . 6 8 3.4 0.40 19 0.38 C 1 
2415.29 1809.3 43200 4 6 3.8 0:50 16 0.30. C 1 
2365.06 0.0 42269 10 10 0.15 0.012 0.96 -0.91 C 'I 
2392.03 1406.8 43200 6' 6 0.50 0.043 2.0 -0.59 C 1 

18. a 4F - z 4po 

(uv 7) 

2429_23 816.0 41969 8 6 0.053 0.0035 0.23 -l.~S D 1 

19. a 4F - 30 

(uv 8) 

2370.51 816.0 42988 8 8 0.089 0.0075 0.47 -1.22 C 1 

20. a 4F _ w 4Do 

(uv 1~) 

2401.60 1809.3 43436 4 2 0;39 0.017 0.53 -1.17 D 1 
2412:76 1809.3 43243 4 6 0.66 0.087 2.8 -0.46 C 1 

21. a 4F - w 4Fo 
(uv 11) 

2309.03 0.0 43295 10 10 0.56 0.045 3.4 -0.35 C 1 
2323.13 816.0 43848 8 8 0.54 0.043 2.7 -0.46 C 1 
2335.98 1406.8 44202 6 6 0.64 0.053 2.4 -0.50 C 1 
2338.66 1809.3 44556 4 4 LI 0.087 2.7 -0.46 !) 1 
2304.18 816.0 44202 8 6 0.26 0.01;) 0.93 -0.91 () I 
2353.36 816.0 43295 8 10 0.18 0.019 1.2 --0.82 I> 1 
2355.48 1406.8 43848 6' S 0.24 0.026 1') -0.80 C 1 

2358.18 1809.3 44202 4 6 0.21 0.026 0.81 -0.98 C 1 
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Co 1: Allowed transitions-Continued 

No. Multiplet X(A) Ei(cm- I) f..~(cm-I) gi gk Aki(lO· S-I) j;k S(at. u.) log gf Accuracy Source 

22. a 4F - x 2Fo 

(uv 12) 

2295.22 0.0 43555 10 8 0.23 0.014 1.1 -0.84 C 1 
2346.16 816.0 43426 8 6 0.17 0.011 0.66 -1.07 C 1 
2339.05 816.0 43555 8 8 0.094 0.0077 0.47 -1.21 0 1 
2371.85 1400.8 43~~5 0 8 0.12 0.013 0.02 -1.10 r. 1 

23. lL 4F - w 4GO 

(uv 14) 

2274.50 0.0 43952 10 12 0.046 0.0043 0.32 -1.37 C I 
2305.17 816.0 44183 8 10 0.081 0.0081 0.49 -1.19 C 1 
2325.53 1406.8 44394 6 8 0.31 0.033 1.5 -0.70 0 1 
2337.95 1809.3 44568 4: 6 0.19 0.023 0.70 -1.04 C I 

24. a 4F - v 40° 

(uv 19) 

2236.80 1809.3 46502 4 2 1.0 0.039 1.1 -0.81 0 1 

25. b 4F - z 4Fo 

(16) 

4020.90 3482.8 28346 10 10 0.0092 0.0022 0.30 -1.65 0 1 

26. b 4F - z 4GO 
(17) 

3941.73 3482.8 28845 10 12 0.0099 0.0028 0.36 -1.56 C 1 

27. b 4F - z 40° 
(18) 

3873.12 3482.8 29295 10 8 0;12 0.021 2.7 -0.68 C 1 
3873.95 4142.7 29949 8 6 0.12 0.021 2.1 -0.78 C 1 
3881.87 4690~2 30444 6 4 0.11 0.016 1.2 -1.01 C I 
3894.98 5075.8 30743 4 2 0.11 0.013 0.64 -1.30 C 1 
3957.93 4690.2 29949 6 6 0.010 0.0024 0.18 -1.85 0 2 
3940.89 5075.8 30444 4 4 0.012 0.0027 0.14 -1.97 0 2 

28. b 4F - z 2GO 
(19) 

3496.68 4142.7 32733 8 8 0.036 0.0066 0.60 -1.28 C 1 
3417.80 3482.8 32733 10 8 0.020 0.0028 0.32 -1.55 E 1 
3627.81 4142.7 31700 8 10 0.052 0.013 1.2 -0.99 C 1 
3564.95 4690.2 32733 6 8 0.086 0.022 1.5 -0.88 C 1 

29. b 4F - z 2Fo 
(20) 

3521.57 3482.8 31871 10 8 0.12 0.018 2.1 -0.75 C 1 
3490.74 4142.7 32792 9 6 0.039 0.0052 0.48 -L3S E 1 

3605.37 4142.7 31871 8 8 0.039 0.0075 0.72 -1.22 C 1 
3558.77 4690.2 32782 6 6 0.023 0.0043 0.30 -1.59 0 1 

30. b 4F - Y 40° 
(21) 

.3502.28 3482.8 32028 10 8 0.90 0.13 15 0.12 C 1 
3506.31 4142.7 32655 8 6 0.86 0.12 11 -0.02 C 1 
3512.64 4690.2 33151 6 4 0.87 0.11 7.5 -0.19 C 1 
3523.42 5075.8 33449 4 2 1.2 0.11 5.3 -0.34 C 1 
3585.15 4142.7 32028 8 8 0.076 0.015 1.4 -0.93 C 1 
3574.97 4690.2 32655 6 6 0.18 0.034 2.4 -0.69 C 1 
3560.89 5075.8 33151 4 4 0.24 0.045 2.1 -0.74 C 1 
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TRANSITIONPRO~ABILITIES FOR IRON, COBALT, AND NICKEL 477 
Co I: -Allowed transitions-Continued 

No. Multiplet X(A) J..:(cm- I
) E.({!m- I

) gi g. AdIOs 5-1) h S(at. u.) log gf Accuracy Source _ 

31. b 4F - r 4GO 3488.7 4157.6 32813 28 36 0.98 0.23 74 0.81 C I 

(22) 

3453.51 3482.8 32431 10 12 l.l 0.25 28 0.39 C 1 
3529.82 4142.7 32465 8 10 0.48 0.11 - 10 -0.05 C 1 
3509.84 4690.2 33173 6 8 0.35 0.Q85 5.9 -0.29 C 1 
3495.68 5075.8 33674 4 6 0.45 0.12 5.6 -0.31 C 1 
3449.44 3482.8 32465 10 10 0.16 0.029 3.3 -0.54 C 1 
3443.64 4142.7 33173 8 8 0.63 0.11 10 -0.05 C 1 
3449.17 4690.2 33674 - 6 6 0.73 0.13 8.8 -0.11 C I 

3367.11 3482~8 33173, 10 8 0.069 0.0093 1.0 -1.03 C 1 
3385;22 4142.7 33674 8 6 0.12 0.016 1.4 -0.90 C 1 

!l~. b4F~r4Fo 

(23) 

3405.12' 3482.8 32842 10 10 0.98 0.17 19 0.23 C 1 
3409.18 4142.7 33467 8 8 0.42 0.074 6.6 -0.23 C I 
341715 4tlQO,2 33Q4.6 6 6 0.32 0.055 3.7 -0.48 C 1 

,3433.05 5075.8 34196 4 4' 1.1 0.19 8.6 -0.12 C I 

3334.15 3482.8 33467 10 8 0.080 0.011 1.2 -0.97 C 1 
3354.37 4142.7 33946 8 6 0.12 0.016 1.4 -0.90 C 1 
3483.41 4142.7 32842 8 10 0.062 0.014 1.3 -0.95 C 1 
3462.80 5075.8 33946 4 6 0.87 0.23 11 -0.03 C I 

33. b 4F - z 2Do 

(24) 

3414.72 5075.8 34352 4 4 0.11 0.019 0.83 -1.13 C I 

34. b 4f - Y 2CO 
(25) 

3337.17 ,-3482.8 33440 10 10 0.0033 5.5(-4) 0.060 -2.26 C 2 
3333.39 4142.7 34134 8 8 0.015 0.0026 0.22 -1.69 E I 
3412.34 4142.7 33440 8 10 0.64 0.14 13 0.05 C 1 
3395.37 4690.2 34134 6 8 0.26 0.061 4.1 -0.44 C 1 
3261.62 3482.8 34134 10 8 2.0(-5) 2.6(-6) 2.8(-4) -4.59 E 2 

35. b 4F - Y 2Fo 

(26) --

3127.25 3482.8 35451 10 8 0.0059 6.9(-4) ~.071 -2.16 D 1 

36. b 4F - r 2Do 

- 3129.01 4142.7 36092 8 6 0.0013 1.5(-4) 0.012 -'2.93 D 2 
3223.15 5075.8 36092 4 6 3.0(-4) 7.0(-5) 0.0030 -3.55 D 2 

37. b 4F - x 400 

(uv 52) 

::UM.19 348Z.8 39649 10 8 0.000 0.0055 0.50 -1.26 C 1 

2815.56 4142.7 39649 8 8 0.048 0.0057 0.42 -1.34 C 1 

38. b 4F - x 4Fo 

(uv 53) 

2695.85 4142.7 41226 8 10 0.068 0.0093 0.66 -l.l:-\ C I 
2685.34 4690.2 41918 6 8 0.11 0.016 0.83 -1.03 ]) 1 

39. b 4F - w 4Fo 

(uv 56) 

2511.02 3482.8 43295 10 10 0.8H 0.()8:~ 6.9 -0.08 C I 
2530.13 4690.2 44202 6 6 0.43 0.041 2.0 -0.61 C I 
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Co I: Allowed transitions-Continued 

No. Multiplet X(A) E;(cm- l
) Edcrn- l

) gi gk Ak;(l08 5 - 1) /;k Seat. u.) log gf Accuracy Source 

40. b 4f - x 2fo 

2536.49 4142.7 43555 8 8 0.30 0.029 2.0 -0.63 C 1 

41. b 4f - w 2Do 

(lIV 58) 

2406.27 4142.7 45688 8 6 0.48 0.031 2.0 -0.60 D 1 

42. b 4F - x 4po 

(lIV 59) 

2425.59 4690.2 45905 6 4 0.45 0.026 1.3 -0.80 D 1 

43. b 4F v 4Do 

(uv 60) 

2352.86 3482.8 45971 10 8 0.37 0.025 1.9 -0.61 0 I 

44. b 4F - 6° 

(lIV 64) 

2287.80 4142.7 478:\9 8 R 1.2 0.09::1 5.6 -0.1::1 C 1 

45. a 2F - Z 2eO 

(28) 

4121.32 7442.4 31700 8 10 0.24 0.077 8.4 -0.21 C 1 
4118.77 8460.8 32733 6 8 0.34 0.12 9.4 -0.16 C 1 

46. a 2f-z2fo 

(29) 

4092.39 7442.4 31871 8 8 0.14 0.036 3.9 -0.54 D 1 

47. a 2F - Y 4eO 
(31) 

3995.31 7442.4 32465 8 10 0.36 0.11 11 -0.06 C 1 
4045.39 8460.8 33173 6 8 0.038 U.012 U.99 -1.13 C 2 

3885.28 7442.4 33173 8 8 0.0046 0.0010 0.11 -2.08 C 2 
3965.01 8460.8 33674 6 6 2.0(-4) 4.7(-5) 0.0037 -3.55 C 2 
3811.07 7442.4 33674 8 6 0.0020 3.3(-4) 0.033 -2.58 C 2 

48. a 2F - Y 4fo 

(32) 

3935.96 7442.4 32842 8 10 0.15 0.044 4.6 -0.45 C 1 
3997.90 8460.8 33467 6 8 0.079 0.025 2.0 -0.82 C 2 
3841.46 7442.4 33467 8 8 O.OlD 0.0023 0.23 -1.74 C 2 
3922.76 8460.8 ·33946 6 6 0.0089 0.0021 0.16 -1.91 C 2 
39B460 B460.9 34106 6 4 0.020 0.0030 0.23 -1.74 r. 2 

49. a 2F - z 2Do 

(33) 

3842.05 7442.4 33463 8 6 0.31 0.051 5.2 -0.39 C I 
3861.16 8460.8 34352 6 4 0.59 0.087 6.7 -0.28 D 1 

50. a 2F - Y 2eO 3864.5 7878.9 33748 14 18 0.68 0.20 35 0.44 C 1,2 
(34) 

3845.47 7442.4 33440 8 10 0.49 0.14 14 0.04 C 1 
3894.07 8460.8 34134 6 8 0.81 0.25 19 0.17 C 1 
3745.49 7442.4 34134 8 8 0.077 0.016 1.6 -0.89 C 2 
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fRANSITION PROBAB'ILITIES FOR IRON, COBALT, AND NICKEL 479 

Col: Allowed transitions-Continued 

No~ Multiplet X(A) E;(cm- I
) Edcm- I

) gi g" A,,;(lO· S-I) fi" 5(at. u.) log gf Accuracy Source 

51. a 2F_y2FO 

(35) 

3569.37 7442.4 35451 ' 8 8 1.6 0.31 29 0.39 C 1 
3587.19 8460.8 36330 6 6 1.9 0.36 26 0.34 C 1 
3704.06 8460.8 35451 6 8 0.18 0.048 3.5 -0.54 C 1 

52. a 2F _ Y 200 3504.6 7878.9 36405 14 lO 1.6 0.21 34 0.47 C 1,2 
(36) 

3489.40 7442.4 36092 8 6 1.6 0~22 20 0.24 C 1 
3518;34 8460.8 36875 6 4 1.7 0.21 14 0.09 C 1 
3618,in 8460.8 36092 6 6 0.0021 4.1(-4) 0.029 -2.61 0 2 

53. a 4p _ z 40 0 

(37) 

6282.64 14036 29949 4 6 0.0030 0.0027 0.22 -1.97 0 2 
6230.97 14399 30444 2 4 0.0016 0.0019 0.076 -2.43 0 2 
6189.oi 13796 29949 6 (, 0.0018 0.0011 O.lS -2.20 jj 2 

6093.14 14036 30444 4 4 0.0024 0.0013 0.11 -2.27 0 2 
6005.03 13796 30444 6 4 3.4(-4) 1.2(-4) 0.Oi4 -3.~4 0 2 

!'i4. n 4p _ Y 4Fo 

5082.12 13796 33467 6 8 9.1(-5) 4.7(-5) 0.0047 ":"3.55 C 2 

55. b 4p - Z 400 

(54) 

7052.87 15774 29949 4 6 0.0081 0.0091 0.84 -1.44 0 2 
7016.60 16196 ' 30444 2 4 0.0076 0.011 0.52 -1.65 0 2 

, 6771.04 15184 29949 6 6 0.0045 0.0031 0.42 -1.73 0 2 
6814.95 15774 30444 4 4 0.0072 0.0050 0.45 -1.70 0 2 

56. b 4p _ Y 4ro 

5426.73 15774 34196 4 4 3.5(-4) 1.5(-4) 0.011 -3.21 C 2 

57. b 4p,_ Y 200 

(57) 

4781.43 15184 36092 6 6 0.0035 0.0012 0.11 -2.14 0 2 
4920.27 15774 36092 4 6 0.0016 8.7(-4) 0.056 -2.46 P 2 

58, a 2G-T 4Fo 

5881.08 16468 33467 )0 8 2.8(-4) 1.1(-4) 0.022 -2.94 C 2 
6158.51 17234 33467 8 8 8.4(-5) 4:8(-5) 0.0077 -3.42 C 2 

59. a 2C _ Y ~o 5901.6 16808 33748 18 18 0.0022 0.0012 0.41 -1.68 C 2 
(82) 

5890.49 16468 33440 lO 10 0.0017 8.9(-4) 0.17 -2.05 C 2 
5915.55 17234 34134 8 8 0.0022 O.OOll 0.18 -2.04 C 2 
5659.12 16468 34134 10 8 8.0(-4) 3.1(-4) 0.058 -2.51 C 2 
6168.86 17234 33440 8 10 5.9(-5) 4.2(-5) 0.0069 -3.47 C 2 

60. a 20 - Z 400 

(89) 

7417.38 16471 29949 4 6 0.0020 0.0025 0.24 -2.00 D 2 
7590.57 16778 29949 6 6 5.0(-4) 4.3(-4) 0.064 '-2.;)9 D 2 
7154.69 16471 30444 4 4 0.00]9 0.00}5 O.J4 ·-2.2:~ D 2 

61. a 2O_y4FO 

5990.42 16778 I 33467 6 8 6.7(-5 4.' -5 8( 0.0057 -3.54 C 2 
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Co I: Allowed transitions-Continued 

No. Multiplet X(A) f.,~(cm-I) 'Edcm- 1
) . gi gk Ak ;(10· S-I) h S(at. u.) log gf Accuracy Source 

62. a 2D - Y 2Do 

(92) 

5176.09 16778 36092 6 6 0.0066 0.0026 0.27 -, l.80 D 2 
5094.96 16471 36092 4 6 0.0042 0.0024 0.16 -2.01 D 2 

63. a 2p _ Y 2Do 

(112) 

5647.23 18390 36092 4 6 0.012 0.0083 0.62 -1.48 D 2 

64 .. b 2D_y2DO 

(140) 

7054.04 2192U 30U92 0 0 0.0070 0.0056 0.79 -1.47 D 2 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Co VIII 

Ground State 

Ionization Potential [159] eV = [1282000] cm- 1 

Allowed Transitions 

For this ion the only data available are those of Warner and 
Kirkpatrick [l], who used the single configuration scaled Thomas
Fermi approximation and calculated individual line strengths in 
intermediate coupling. These authors provided data for many transi
tions within the 3d 2 

- 3d 4f array. Of these data, we have tabulated 

only those lines that have been experimentally observed (Alexander 
et al. [2]). 

agreement between their calculated data and beam-foil lifetimes 
available for Ti III (see, for example, ref. [3]), an ion which is 
isOP.lp.ctrnnic with f:n VIIL 

References 

It is expected that for this relatively simple, essentially two
electron spectrum Warner and Kirkpatrick's data should be fairly 
reliable (except when cnnfigtlFatinn intp.raction p.ffp.ct~ become ap
preciable). This conjecture seems to be supported by the good 

[1] Warner, B., and Kirkpatrick, R., Publications of the Department of Astronomy, 
University of Texas at Austin, Vol. 3, No.2 (1969) and Mon. Not. R. Astron. 

Soc. 144, 397 (1969). 
[2] Alexander, E., Feldman, U., Fraenkel, B. S., and Hoory, S., J. Opt. Soc. 

Am. 56, 651 (1966). 

[3] Wiese, W. L., and Fuhr, J. R., J. Phys. Chern. Ref. Data 4. 263 (1975). 

CO VIII: AUowed transitions 

No. 
Transition 

Multiplet X(A) E;(cm- I) Edcm- 1) Aki (l08S- 1) /;. S(at.u.) log gf 
Accu-

Source 
array 

gi gk racy 

1. 3d2-3d4f .1F _ 3Fo 123.20 1820 813540 21 21 880 0.20 1.7 0.62 D 1 

1?.~:ll :1140 814120 9 9 640 0.15 0!'l4 0.12 n I 

123.17 1430 813290 7 7 720 0.16 0.47 0.06 D 1 

123.02 0 812860 5 5 900 0.20 0.41 0.01 D 1 

123.44 3140 813290 9 7 51 0.0090 0.033 -1.09 D 1 
123.24 1430 812860 7 5 88 0.014 0.041 -1.00 D 1 

123.05 1430 814120 7 9 83 0.024 0.069 -0.77 D 1 

122.96 0 813290 5 7 240 0.076 0.15 -0.42 D 1 

2. 3F _ 3CO 

122.47 3140 819640 9 11 2800 0.77 2.8 0.84 D 1 

122.32 1430 818950 7 9 2400 0.70 2.0 0.69 D 1 

122.27 0 817840 5 7 2200 0.68 1.4 0.53 D 1 

122.58 3140 818950 9 9 300 0.069 0.25 -0.21 U 1 

122.49 1430 817840 1 7 210 0.061 0.17 -0.37 D 1 
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CO VIII:. Allowed transitionS-Continued 

Transition 
Multiplet A(A) f..~(cm-I) E.(cm- I ) Ali (108s- 1) jk S(at.u.) log gf 

Accu-
Source No. gi gk 

array racy 

3. ID _ IDo 125.16' [19670] [818650] 5. 5 1100 0.27 0.56 0.13 D 1 

4. ID _ IFo 124.88 [19670] [820450J 5 7 1800 0.59 1.2 0.47 D 1 

.5. ID_ 3Do 

124.65 [19670] . [821900J 5 7 43 0.014 0.029 -1.15 D 1 

6 .. 3p _ IFo 

125.57 [24090] [820450J 5 7 13 0.0042 0.0086 -1.68 E I 

"1 3p~ :IDo .. 
125.34 [24090] [821900] 5. 7 1800 0.59 1.2 0.47 D 1 
125.35 [22880] [820620] 3 5 1600 0.64 0.79 0.28 D 1 

125.27 [22310]? [820570J? 1 3 1300 0.93 0.38 -0.03 D 1 
-

Cox 
Ground. State 

Ionization Potential 276.7 eV = 2232000 cm- 1 

Allowed Transitions 

References The line strength for the 3p6_3p 53d resonance transition of this 
argon-like ion was interpolated from the superposition-of-configura. 
tions (SOC) calculations of Weiss [1] for neighboring iOIl$, which are 
expected to be fairly accurate~ The remainder of the oscillator 
strengths were interpolated from the Dirac~Hartree-Fock data of Lin 
et al. [2], who included correlation only in the lower state . 

[1] Weiss, A. W., private communication. 

No. 
Transition 

Multiplet X(A) E;(cm-I) 
array 

1. 3l>-3p~3d IS _ Ipo 158.87 0 

2. 3p6_ IS _ (~,~)O 
3p~CP~n>4s 

90.47 0 

3. 3p 6 .. IS - (l-l\,l-l\)" 

3pSep?d4s 

88.99 0 

4. 3p6_ IS - :ZC~]O 

3p 5fpfd4d 

72.45 0 

5~ 3p b_ IS - :ZC~]O 

3p Sep?l2)4d 

71.48 0 

[2] Lin, D. L., Fielder, W., Jr., and Armstrong, L., Jr., Phys. Rev. A 16, 589 
(1977). 

. CoX: Allowed transitions 

Edcm- I ) A.d 108s- 1) 
Accu-

g. gk j. S(at.u.) . . log gf Source 
racy 

629450 l. 3 2200 2.5 1.3 0.40 C interp. 

1105000 3 430 0.16 0.048 -0.80 D interp. 

1124000 1 3 650 0.23 0.067 -0.64 D interp. 

]380000 1 3 1700 0.39 0.093 -0.41 D interp. 

1399000 ] :3 870 0.20 0.047 -0.70 D interp. 
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COXI 

Ground State 

Ionization Potential 305 e V = 2462000 cm- I 

Allowed Transitions 

Significant correlation effects and deviations from LS coupling in 
this chlorine-like ion make theoretical oscillator strengths for low
lying transitions somewhat uncertain (see, for example, the com

ments on Fe x). Nussbaumer [I] has calculated energy levels and 
oscillator strengths for many transitions in Fe X and Ni XII by using 
a scaled Thomas-Fermi method with configuration interaction and 

relativistic effects. We have interpolated these data for a few tran· 
sitions in Co XI. 

Reference 

[1] Nussbaumer, H., Astron. Astrophys. 48, 93 (1976). 

CO XI: Allowed transitions 

No. 
Transition 

Multiplet }.(A) Ei(cm- I
) E.(crn- l ) A'iO O8S-

1
) S(at.u.) log gf 

Accu· 
gi g4 J, Source 

array racy 
-

l. 3s 23p"-3s3p" 2pO _ 2S 325.57 6480 313630 6 2 68 0.036 0.23 -0.67 E interp. 

318.85 0 313630 4 2 46 0.035 0.15 -0.85 E interp. 

[339.90] 19430 313630 2 2 20 0.034 0.076 -1.l7 E interp. 

2. 3p 5_3p 4CD)3d 2pO _ 2S 173.59 6480 582550 6 2 1800 0.27 0.91 0.20 D interp. 

171.66 0 582550 4 2 1300 0.29 0.66 0.06 0 interp. 

177.58 19430 582550 2 2 440 0.21 0.25 -0.38 O· interp. 

3. 3p 5_3p 4CP)3d 2pO _ 2p 166.03 6480 608770 6 6 1800 0.73 2.4 0.64 E interp. 

164.91 0 606390 4 4 1800 0.72 1.6 0.46 E interp. 

168.327 19430 613530 2 2 1200 0.53 0.59 0.03 E interp. 

162.99 0 613530 4 2 470 0.094 0.20 -0.42 E interp. 

170.33 19430 606390 2 4 21 0.018 .0.020 -1.44- E interp. 

4. 2pO _ 2D 162.51 6480 621830 6 10 2000 1.3 4.3 0.91 D interp. 

162.56 0 615160 4 6 2000 1.2 2.6 0.68 D interp. 

163.32 19430 631830 2 4 2000 1.6 1.7 0.51 D interp. 

158.27 0 631830 4 4 51 0.019 0.040 -1.12 D interp. 

Co XII 

Ground State 

Ionization Potential [335] eV = [2702000] cm- I 

Allowed Transitions 

The oscillator strength for one 3p-3d transition of this· highly' --deviations from LS coupling (see, for example, the comments on 
ionized member of the. aulfur aequenee waa interpolated from the Fe XI). 

Reference statistical Hartree-Fock data calculated by Fawcett et al. [1] for 

neighboring ions. We felt that to extrapolate I-values for additional 

transitions would be rather risky, in view of correlation effects and [1] Fawcett, B.C., Peacock. N. J., and Cowan, R. D., J. Phys. B 1. 295 (1968) .. 

Co XII: AUowed transitions 

No. 
Tr"n<;ilinn 

Multiplet MA) t.i(cm-') t.·k(cm- 1) Aki(lUos-1) S(at.u.) log g{ 
Accu· Source 

array 
g; g. 1;. racy 

1. 3p4_3p 3(200)3d ID _ IFo 169.91 5 7 1800 l.l 3.1 0.74 D interp. 
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GrolindState 

TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

CO XIII 

Ionization Potential [375J eV = [3025000J cm- 1 

Allowed Transitions 

(For additional comments on this sequence. see Fe xu.) 
Reference 

The single oscillator strength available for this highly ionized 
member of the P sequence has been interpolated from the results of 
Hartree-Fock-Slater (HX) calculations [1] for Fe XII and Ni XIV. [I] Fawcett, B. C., Peacock, N.J., and Cowan, R. D., J. Phys. B I; 295 (l968). 

CO XIII: Allowed transitions 

No. 
Transition 

Multiplet X(A) E;(cm- I
) I Ek(cm- I ) Ak;{108s- l ) fir S(at.u.) log gf 

Accu-
Source 

array 
g; g. 

racy 

1. 3p 3_3p 2CP)3d 200 _ 2F 

174.82 6 ·8 1400 0.87 3.0 0.72 D interp. 
.. '-.~ ._ .... __ . '-' -- '--.--- -" ---_ ... 

Co XIV 

Cronnrt Statf'! 

Ionization Potential [409J eV = [3299000J cm- I 

Allowed Transitions 

Reference The f-values for the transitions presented here were interpolated 
from results of the multiconfiguration calculations of Kastner et al. 
[IJ for some Si-like ions. 

[IJ Kastner, S. 0., Swartz~ M., Bhatia, A. K., and Lapides,J., J. Opt. Soc. Am. 68, 

1558 (1978). 

CO XIV: Allowed transitions 

No. 
. Transition 

Multiplet X(A) E;(cm -I) Edcrn- I ) Ak;(108S - J) 
Accu-

g; gk fk S(at~u.) log gf Source 
array ra~y 

1. 31'2~31'4" ID - IF" Ju.1l5 [54960] [1637000] 5 7 4800 0.32 0.30 0.20 E inlerp. 

2. 3p3d-3p4J 3Fo ._ 3G 

68.807 9 11 8000 0.69 1.4 0.79 0 interp. 

3. 3po _ 3D 

70_698? 1 :\ :\100 OJ)Q O.H, -O.\f> I) in.ll'rp. 

4. lrO - Ie 73.402 [597230] [1959600J 7 9 7600 0.79 1.3 0.74 D interp. 

5. Ipo _ In 74.379 [612090J [1956600] 3 5 4600 0.63 0.46 0.28 0 interp. 
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Co xv 

Ground State 

Ionization Potential [442.0].eV = [3565100] cm- l 

Allowed Transitions 

References Oscillator strengths for multiplets 1, 4, and 11 were interpolated 
from the multiconfiguration Hartree-Fock calculations of Froese 
Fischer [1,2]. The remainder of the data were interpolated from the 
superposition-of-configurations calculations of Weiss [3]. Significant 
correlation effects and level crossings introduce uncertainties into 
the interpolation procedure; the accuracy ratings assigned to the 
pertinent transitions have been lowered accordingly. 

[IJ Froese Fischer, C., Can. J. Phys. 54,740 (1976). 
[2J Froese Fischer, C., Can. 1. Phys. 56, 983 (1978). 
[3J Weiss, A. W., Beam·Foil Spectroscopy, Vol. I, 51-68 (Eds. Sellin, I. A:, and 

Pegg, D. 1., Plenum Press, New York, 1976) and private communication. 

CO XV: Allowed transitions 

No. 
Transition 

Multiplet X(A) f..:(cm- 1
) Edcm- 1) Aki (108s-J) fik S(at.u.) log gf 

Accu· 
Source array gi gk 

racy 

l. 3s 23p-3s3p2 2po _ 2D 323.74 15330 324220 6 10 24 0.062 0.40 -0.43 E interp. 

330.25 23000 325800 4 6 23 0.055 0.24 -0.66 E is 
310.69 0 321860 2 4 22 0.064 0.13 -0.90 E is 

[334.60J 23000 321860 4 4 3.7 0.0061 0.027 -1.61 E Is 

2. 3s3pepO)3d- 2po _ ~ 6 2 0.032 -0.72 E interp. 
3p 2CD)3d 

3. 3s 3p2-3s 24p 2D _ 2pO 10 6 0.017 -0.77 C interp. 

4. 3p-3d 2po _ 2D 203.07 15330 507770 6 10 430 0.44 1.8 0.42 C interp. 

205.85 23000 508790 4 6 430 0.41 l.l 0.21 C is 
197.54 0 506230 2 4 390 0.46 0.60 -0.03 C Is 
206.94 23000 506230 4 4 69 0.044 0.12 -0.75 D is 

5. 3s3pCPO)3d- 2pO _ 2S 6 2 0.10 -0.22 D interp. 
3s3d 2 

6. 3s3pepO)3d- 2po _ 25 6 2 O.ll -0.18 D interp. 
3s3d 2 

7. 3p:I-3p 2CD)3d 2pO _ 25 6 2 0.083 -0.30 C interp. 

8. 3p-4s 2pO _ 2S 6 2 0.060 -0.44 D interp. 

9. 3p-4d 2po _ 2D 52.978 15330 1902900 6 10 4300 0.30 0.31 0.26 C inlerp. 

53.173 23000 1903700 4 6 4300 0.27 0.19 0.04 C is 
52.583 0 1901800 2 4 3500 0.29 0.10 -0.24 C is 

[53.225J 23000 1901800 4 4 710 0.030 0.021 -0.92 D is 

10. 3d-4p 2D _ 2pO 10 6 0.026 -0.59 C interp. 

11. 4s-4p 2S _ 2pO 2 6 0.46 -0.04 D interp. 
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TRANSITIOf'l PROBABILITIES FOR IRON, COBALT, AND NICKEL 

Co XVI 

485 

Ground State 

Ionization Potential [512J eV = [4130000J cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (1\) No. Wavelength (A) No. 

I, 

47.489 10 64.5:37 21 
56.83 18 h4.77:~ 17 
61.025 19,20 M.780 25 
61.200 19 ~1().~It9 12 
62.131 24 212.HOO 12 
62;334 24 2LL~lJ(j 12 

62.412 23 219.(H7 12 
62.805 22 220.980 12 

. ---

Transition probabilities for a few, lines were taken from t ht: 
multlconfiguration results of Kastner and Bhatia [1J in imermediu\t: 
coupling. The wavelengths for, these lines are interpolated values 
taken from the same source and thus may be rather uncertain. 

Data for the remaining transitions in this high ion of the Mg 
sequence have been interpolated from the results of several the
oretical calculations: the relativistic multiconfiguration Hartree
Fock (MCHF) approach of' Cheng and Johnson [2J; the 
superposition-of-configurations (SOC) method of Weiss [3J in inter
mediate coupling, including relativistic corrections to the energy 
levels; the nonrelativistic MCHF calculations of Froese Fischer [4J; 
the relativistic random phase approximation (RRP A) approach of 
Shorer et al. [5J; and the multiconfiguration results of Kastner et aL 
[6J in intermediate coupling. 

Weiss did not calculate line strengths for the 
transition in Mg-like ions. Thus we have converted f-values inter
polated from his results for the remaining lines of the multiplet to line 
strengths, and then estimated the strength of this missing line to be 

Wavelength (A) No. Wavelength (A) No. 

I 
221.62 12 298.46 3 
229.074 14 302.65 3 
265.74 2 308 4 
271.00 3 389 1 
281.88 3 449 6 
284.42 3 

287.53 3 

293 4 

1Il proportioll to its strength in a pure LS-coupled multiplet. The 
n~S\lltillh Illuitil'kt :-.tnju5th i:> in very good dgI'CCmcnt with the 

l-I~xpallsioll results of Crossley and Dalgarno [7J, whose result for 
IIH~ t:Orn~sp()llding multiplet in Fe xv agrees with our tabulated value 
(It~rivcd from the results of rather accurate calculations) for the Fe 
iOll lIIultiplet to within 5%. We have nevertheless been conservative 
ill our at.:curacy rating for this particular transition. 

References 

[l] Kastner,S. 0., and Bhatia, A. K., 1. Opt. Soc. Am. 69,1391 (1979). 
[2] Cheng, K. T., and Johnson, W. R., Phys. Rev. A 16, 263 (1977). 
[3] Weiss, A. W., private communication. 
[4] Froese Fischer, C., 1. Opt. Soc. Am. 69, 118 (1979). 
[5] Shorer, P., Lin, C. D., and Johnson, W. R., Phys. Rev. A 16,1109 (1977). 
[6] Kastner, S. 0., Swartz, M., Bhatia, A. K., and Lapides, J. J. Opt. Soc. Am. 6B, 

1558 (1978). 

[7] Crossley, R. J. 5., and Dalgarno, A., Proc. R. Soc. London, Ser. A 286, 510 
(1965). 

CO XVI: Allowed transitions 
.. _---

No. 
Transition 

Multiplet X(A) E;(cm- ' ) E.(crn- t) Ak,(l08S- I ) jk S(at.u.) log gf 
Accu-

g; gk Source array racy 

1. 3s 2-3s3p IS _ ;;po 

I [389]? 

I 

1 3 0.54 0.0037 0.0047 -2. 'J.:{ () I 

?.I IS _ Ipo 265.74 0 376310 1 3 250 0.80 n.70 0.10 C inlpr . p 
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CO XVI; Allowed thllmilioll,,-Cuuliuuru 

No. 
Transition 

Multiplet A(A) f..~(cm-I) E.(cm- I ) Aki (l08S- I ) tk S(at.u.) log gf 
Accu· 

Source array gi gk 
racy 

3. 3s3p-3p 2 
apo _ ;ip 286.32 9 9 199 0.244 2.07 0.342 C interp. 

284.42 5 5 140 0.170 0.80 -0.071 C interp. 
287.53 3 3 55 0.068 0.19 -0.69 C interp. 
302.65 5 3 78 0.064 0.32 -0.49 C interp. 
298.46 3 1 200 0.087 0.26 -0.58 C interp. 
271.00 3 5 50 0.091 0.24 -0.56 C interp. 
281.88 1 3 78 0.279 0.259 -0.55 C interp. 

4. ;ipO _ ID 

[308]? 5 5 25 0.036 0.18 -0.75 D 1 
[293]? 3 5 14 0.030 0.087 -1.05 D 1 

5. IpO _ 3p 

3 5 0.024 -1.l4 D- interp. 

6. Ipo _ ID r449]? 3 5 16.3 0.0&2 0.~04 -0.n1 C 1 

7. Ipo _ IS 3 1 0.101 -0.52 C interp. 

8. 3s3d-3p3d 3D _ ;iFo 15 21 0.145 0.337 C intnp 

9. ID _ IFo 5 7 0.362 0.258 C interp. 

10. 3s 2-3s4p IS _ Ipo 47.489 0 2105800 1 3 3760 0.381 0.060 -0.419 C interp. 

11. 3s 2-3s5p IS _ Ipo 1 3 0.1l7 -0.93 C interp. 

12. 3s3p-3s3d 3pO _ aD 216.56 9 15 250 0.30 1.9 0.43 D interp., 
ls 

219.947 5 7 240 0.24 0.88 0.08 D ls 
212.800 3 5 197 0.223 0.469 -0.175 C interp. 
210.249 1 3 152 0.302 0.209 -0.52 C interp. 
220.980 5 5 59 0.0435 0.158 -0.66 C interp. 
213.396 3 3 110 0.074 0.16 -0.65 C interp. 

[221.62] 5 3 6.6 0.0029 0.011 -1.84 C interp. 

13. Ipo _:iD 

3 5 3.3(-4)" -3.00 D interp. 

14. IpO _ ID 229.074 376310 812850 3 5 440 0.58 1.3 0.24 D interp. 

15. 3p2-3p3d ID _ Iro 5 7 0.217 0.035 C interp. 

16. 3s3d-3s4J 3D _ :iFO 15 21 0.91 1.14 C interp. 

17. ID _ IFo 64.773 812850 2356700 5 7 7BOO 0.69 0.74 0.54 C interp. 

lB. 3p2-3s4J ID_ IFo 56.83 5 7 3100 0.21 0.20 0.02 D interp. 

19. 3p3d-3p4J 3Fo _ ;ie 

61.025 9 11 1.2(+4) 0.80 1.4 0.86 C interp. 

61.200 7 9 8400 0.61 0.B6 0.63 D interp. 

20. 3rO - ;\F 

61.025? 7 9 2500 O.IB 0.25 0.10 D interp. 

21. Iro _ Ie 64.537 7 9 1.l(+4) 0.90 1.3 O.BO C interp. 
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TRANSITION PROBABILITIES FOR IRON, COBALT, ·AND NICKEL 487 
CO XVI: Allowed transitions-Continued 

No. 
Transition 

Multiplet A(A) E;(cm- ' ) . Ek(cm- I ) At,(108s-1) fit S(at.u.) log gf 
Accu-

Source 
array 

g; gt 
racy 

22. 30° - '~F 

62.805 7 9 7000 0.53 0.77 0.57 0 interp. 
62.805 3 5 8400 0.83 0.51 0.40 C interp. 

23. 300 _ .ID 

62.412 5 7 6100 0.50 0.51 0.40 D interp. 

24. 3pO _ 3D 

62.334 3 5 5800 0.56 0.34 0.23 C interp. 
62.131 I 3 5300 0.92 0.19 -0.04 C interp. 
62.131 3 3 5400 0.31 0.19 -0.03 C inlerp. 

25. Ipo - 'D 64;780? 3 5· 9000 0.94 0.60 0.45 C interp. 

"The number in parentheses following the ~ulated value htdicates the power often by which this value has to be multiplied. 

Co XVII 

GroUnd State 

iommtion Potential 546.8 eV = 4410480cm -I. 

Allowed Transitions 

. List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

32~995 3 37.78 7 
33.046 3 .41.404 12 
35.617 8 41.462 12 
35.660 14 41.467 12 
35.707 14 43.278 11 
35.932 8 43.347 11 
35.942 8 43.366 11 

~6.42 13 45.319 2 
36.454 13 45.527 2 
36.47 13 48.564 6 
37.42 7 49.133 6 

Oscillator strengths for individual lines of multiplets of the type 
nl 2L - n'l' 2L' (n, n l = 3,4) were interpolated from the relativ

single"configuration Hartree-Fock results of Kim and Cheng [1] for 
selected ions of the Na isoelectronic sequence. Numerous multiplet 
{-values have been calculated by Tull et al. [2J in the frozen-core 
Hartree-Fock approximation, including relativistic corrections to the 
energy levels; of these, we quote the results for the lower-lying 
transitions out of the n = 3 shell. 

Wavelength (A) No. Wavelength (A) No. 

49.171 6 249.84 4 
56;021 5 312.58 1 
56.833 5 339.53 1 
58.842 10 636.1 16 
58.948 10 672.9 16 
58.971 10 679.8 16 
67.274- 9 786.8 is 
67.443 9 854.7 15 
67.734 9 1520 17 

234.95 4 1540 17 
247.56 4 1550 17 

Froese Fischer [3] has parametrized the non-relativistic Hartree
Fock f-value data of Biemont for many transitions of the Na se
quence. 

References 

[J] Kim, Y .. K., and Cheng, K.·t., J. Opt. Soc. Am. 68, 836 (1978). 
[2J Tull, C. K, McEaciaran, R. P., and Cohen, M., At. Data 3, 169 (1971). 
[3J Froese Fischer, C, Phys. Scr. 14,269 (1976). 

J.PhY5. Chem. Ref. Data, Vol. 10, No. 2, 1981 



488 FUHR ET AL. 
CO XVII: Allowed tranSitions 

No. 
Transition 

Multiplet X(A.) Ei(cm- 1
) Et(cm- 1) Ati (l08S- 1) fit S(at.u.) log gf 

Accu-
Source gi gt array racy 

1. 3s-3p 2S _ 2pO 321.08 0 311450 2 6 83 0.38 0.81 -0.12 C interp . 
. -

312.58 0 319920 2 4 89 0.260 0.54 -0.284 C interp. 
339.53 0 294520 2 2 69 0.120 0.268 """0.62 C interp. 

2. 3s-4p 2S _ 2pO 45.389 0 2203200 2 6 2400 0.224 0.067 -0.35 C interp. 

45.319 0 2206600 2 4 2350 0.145 0.0433 -0.54 C interp. 
45.527 0 2196500 2 2 2500 0.079 0.024 -0.80 C interp. 

3. 3s-5p 2S _ 2po 33.012 0 3029200 2 6 1460 0.0718 0.0156 -0.843 C+ 2 

32.995 0 3030800 2 4 1470 . 0.0479 0.0104 -1.019 C Is 
33.046 0 3026100 2 2 1500 0.024 0.0053 -1.31 0 Is 

4. 3p-3d 2po _ 20 243.36 311450 722370 6 10 183 0.270 1.30 0.210 C interp. 

247.56 319920 723860 4 6 171 0.235 0.77 -0.027 C interp. 
234.95 294520 720140 2 4 172 0.284 0.439 -0.246 C interp. 
249.84 319920 720140 4 4 27.9 0.0261 0.086 -0.98 C interp. 

5. 3p-4s 2po _ 25 56.559 311450 2079500 6 2 4000 0.064 0.071 -0.42 0 interp. 

56.833 319920 2079500 4 2 2700 0.065 0.049 -0.59 0 interp. 
56.021 294520 2079500 2 2 1300 0.060 0.022 -0.92 C interp. 

6. 3p-4d 2pO _ 20 48.944 311450 2354600 6 10 5400 0.32 0.31 0.28 C- interp. 

49.133 319920 2355200 4 6 5500 0.298 0.193 0.076 C interp. 
48.564 294520 2353700 2 4 4500 0.32 0.10 -0.18 0 interp. 
49.171 319920 2353700 4 4 920 0.0332 0.0215 -0.88 C interp. 

7. 3p-5s 2po _ 25 37.66 311450 [2967000] 6 2 1710 0.0121. 0.00900 -1.139 C+ 2 

[37.78] 319920 [2967000] 4 2 llOO 0.012 0.0060 -1.32 C Is 
[37.42] 294520 [2967000] 2 2 580 0.0122 0.00300 -1.61 C Is 

8. 3p-5d 2pO _ 20 35.826 311450 3102700 6 10 3150 0.101 0.0715 -0.218 C+ 2 

35.932 319920 3103000 4 6 3120 0.091 0.0429 -0.440 C Is 
35.617 294520' 3102200 2 4 2670 0.101 0.0238 -0.69 C Is 

[35.942] 319920 3102200 4 4 520 0.010 0.0048 -1.39 0 Is 

Q. ?d-4.1' 2D _ 2pO 67.530 722370 2203200 10 6 910 0.037 0.083 -0.43 D intl'rp 

[67.443] 723860 2206600 6 4 810 0.0367 0.0489 -0.66 C interp. 

[67.734] 720140 2196500 4 2 960 0.033 0.029 -0.88 0 interp. 
[67.274] 720140 2206600 4 4 87 0.0060 0.0054 -1.62 0 interp. 

10. 3d-4f 20 _ 2rO 58.906 722370 2420000 10 14 1.3(+4)" 0.93 1.8 0.97 C- interp. 

58.948 723860 2420300 6 8 1.3(+4) 0.89 1.0 0.73 C interp. 
58.842 720140 2419600 4 6 1.2(+4) 0.93 0.72 0.57 c- interp. 

[58.971] 723860 2419600 6 6 850 0.0445 0.052 -0.57 C interp. 

11. 3d-5p 20 _ 2pO 43.350 722370 3029200 10 6 350 0.0060 0.0086 -1.22 0 2 

[43.347] 723860· 3030800 6 4 320 0.0061 0.0052 -1.44 0 Is 
[43.366] 720140 3026100 4 2 360 0.0051 0.0029 -1.69 0 Is 

[43.278] 720140 3030800 4 4 36 0.0010 5.7(-4) -2.40 E Is 

12. 3d-5f 20 _ .2rO 41.438 722370 3135600 10 14 4740 0.171 0.233 0.233 C+ 2 

41.462 723860 3135700 6 8 4730 0.162 0.133 -O.Oll C Is 

41.404 720140 3135400 4 6 4400 0.17 0.093 -0.17 C Is 

41.467 723860 3135400 6 6 320 0.0082 0.0067 -1.31 0 Is 
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TRANSITION PROBABILITIES FOR IRON,· COBALT, AND NICKEL. 

CO XVII: Allowed transitions~Continued 

,I 
Accu~ Transition 

A(A) .I!.:(cm- I
} Edcm- 1) gk I Adl08

s- 1) J" S(at.u.) log gf Source No. Multiplet ' gi 
array racy 

13. 3d-6p 2D _2pO 36.46 722370 3465000 10 ·6 180 0.0021 0.0025 -1.68 D 2 

[36.47] 723860 3466000 6 4 160 0.0021 0.0015 -1.90 D Is 

[36.454] 720140 3463300 4 2 170 0.0017 8.3(-4) -2.16 D Is 

[36.42J 720140 3466000 4 4 18 3.5(-4) 1.7(-4) -2.85 E Is 

14. 3d-6J 2D _2Fo 35.688 722370 3524400 10 14 2350 0.0629 0.0739 -0.201 C+ 2 

35.707 723860 3524400 6 8 2350 0.060 0.0422 -0.445 C Is 
35.660 720140 3524400 4 6 2200 0.063 0.0296 -0.60 C is 

[35.707] 723860 3524400 6 .6 160 0.0030 0.0021 -1.75 D Is 

IS. 4s:-4p 2S _ 2pO 808A 2079500 2203200 2 6 19 0.56 3.0 0.05 D interp. 

[786;8J 2079500 220660U :! 4 :'.0 U.38 2.0 -0.12 D interp. 

[854.7J 2079500 2196500 2 2 15.9 0.174 0.98 -0.458 C interp. 

16. 4p-4d 2pO _ 20 660.5 2203200 2354600 6 10 39 0.43 5.6 0.41 C interp. 

[672.9J 2206600 2355200 4 !I 36.9 0.376 3.33 0.177 C interp. 

[636.1] 2196500 2353700 2 36.8 0.446 L87 -0.050 C interp. 

[679.8J 2206600 2353700 4 6.0 0.0415 0.372 -0.78 C interp. 
I 

20 _ 2Fo I 
17. 4d-4J 1530 2354600 2420000 10 14 2.1 0.10 5.2 0.01 C interp. 

[1540] 2355200 2420300 6 8 2.1 0.098 3.0 -0.23 C interp. 

[1520] 2353700 2419600 4 6 2.00 0.104 2.08 -0.381 C interp. 
. [1550J 2355200 241960U 6 b U.14 O.UU~U U.l~ -1.~2 D- mterp. 

, • The number in parentheses folJo~g the tabulated value irn:1icates the. power of ten by which this value has to be multiplied. 

Co XVIII 

Ground State 

Ionization Potential 1403.0 eV = 11316400 cni- 1 

Allow~d Transitions 

Oscillator strengths for the resonance transitions to J = I levels 

of the configurations2p53s and 2p 53d were interpolated from the 
results of the multiconfiguration relativistic random' phase approxi. 
mation (RRPA) calculations of 5horer [1J for Ne·like ions. Results 

.of the model potential calculations of Crance [2] have been tabulated 
for resonance transitions to 2p5ns and 2p 5nd (n = 5,6). The 

maining oscillator strengths presented here, were interpolated from 

the results of the scaled Thomas·Fermi approach of Loulergue and 

Nussbaumer [3J, which allows for extensive conngurationinter

action as we)] as spin· orbit coupling, for Fe XVII and Ni XIX. 

References 

[I] Shorer, P., Phys. Rev. A 20, 642 (1979). 
[2] Crance, M., At. Oata 5, 185 (1973). 
[3] Loulergue, M., and Nussbaumer, R., Astron. Astrophys. 45, 125 (1975). 

CO XVIII: Allowed transitions 

No. 
TranSition 

Multiplet A(A) E;(cm-1j E.(cm- I ) 
array 

gi g. 

1. 2S22pb~2s 2p ~3p IS _ 3po 

12.656 0 7901400 I 3 

2. IS _ Ipo 12.593 0 7(H0900 J :\ 

3, 2S22pb':'2s2pb4p IS _ 3po 

1 ;{ 

A.; (l08S - 1) h S(aLu.) log gf 
Accu. 

Source 
racy 

4700 0.034 0.00]4 -1.47 C interp. 

4.1(+4)" 0.29 0.012 -0.54 C inle.rp. 

O.DlS -1.74 C inter. p 

J.Phys. Chern. Ref. Data, Vol. 10, No.2, 1981 



490 FUHR ET AL. 

CO XVIII: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A) ft:(cm- I) ft~(cm-l) Ab (108s- 1) h S(at.u.) log gf 
Accu-

Source array gi gk 
racy 

4. IS _ IpO I 3 0.12 -0.92 C interp. 

5. 2pb_ IS _ (~,y:!)0 

2p 5(2p?d3s 

15.432 0 6480000 I 3 1.15(+4) 0.123 0.00625 -0.910 C+ interp. 

6. 2ph_ IS - (y:!,y:!)0 

2p 5(2P?d3s 

15.169 0 6592400 1 3 9760 0.101 0.00504 -0.996 C+ interp. 

7. 2pb_2p 53d IS _ :lpO 

1 3 0.0094 -2.03 C interp. 

8. IS _ :iOO 

1 3 0.71 -0.15 C interp. 

9. IS _ IpO 13.862 0 7214000 1 3 2.7(+5) 2.3 0.10 0.36 C interp. 

10. 2p"- IS _ (~,~)O 

2p5ep?'2)4s 

11.458 0 8727500 I 3 3900 0.023 8.7(-4) -1.64 C interp. 

II. 2ph_ IS - (~.y:!)0 

2p"epPd4s 

11.324 0 8830800 1 3 4200 0.024 8.9(-4) -1.62 C interp. 

12. 2p('-2p"4d IS _ :ipO 

1 3 0.0035 -2.46 0 interp. 

13. IS _ :100 

11.103 0 9006600 I 3 7.6(+4) 0.42 0.015 -0.38 C interp. 

14. IS _ IpO 10.97 0 9116000 1 3 9.4(+4) 0.51 0.018 -0.29 C interp. 

15. 2pb_ IS _ (%.~)O 

2p5(2P~d5s 

1 3 0.0064 -2.19 D 2 

16. 2ph_ IS - (y:!.y:!)0 

2p"(2PPd5s 

1 3 0.0035 -2.46 0 2 

17. 2pb_2p 55d IS _ :iDo 

10.178 0 9825100 1 3 2.8(+4) 0.13 0.0044 -0.89 D 2 

18. IS _ IpO 10.060 0 9940400 1 3 4.0(+4) 0.18 0.0060 -0.74 D 2 

19. 2p b_ IS - (~,y:!)0 

2p "(2p~'2)6S 

I 3 0.0033 -2.48 D 2 
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CO XVIII: Allowed transitions-Continued 

Transition 
A(A) t.:(cm- I) Edcm- I ) Ak;(10BS-I) j;k S(at.u.) log gf 

Accu· 
Source No. Multiplet g; gk 

array racy 

20. 2p~- IS - (Yf,Yf)O 

2P"ep?'2)6.~ 

1 3 0.0017 -2.77 0 2 

21. 2p~-2p"6d IS _ :10°' 

9.743 0 10260000 I 3 1.4(+4) 0.059 0.0019 -1.23 0 2 

22 . IS _ Ipo 9.611 0 10400000 I 3 2.3(+4) 0.097 0.0031 -1.01 0 2 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Co XIX 

£'pl)und State 

Ionization Potential [1493] eV = [1204200U] ern I 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

12.700 20 13.279 13 
12.939 17 13.497 13 
12.981 18 13.847 II 
13.090 19 14.074 11 
13.146 17 14.170 10 
13.188 18 14.178 10 

J 

O>;ciIJ~tor strengths for lines of the multiplet 2s 22p 5 2po_ 

2s 2pt> 2S are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et al. [1.], which include a per
turbative treatment of the Breit interaction and the Lamb shift. 

All other data are interpolated from the comprehensive calcu
lations of Chapman and Shadmi [2], who employed Hartree-Fock 
wave functions including the principal configuration mixing and 
calculated individual oscillator strengths in intermediate coupling. 

Experimc"!tally determined wavelengths and energy levels for 
some of the 2p -3s and 2p -3d transitions presented here have been 
reported by Feldman et al. [3]. In some cases, however, we have 
permuted the "names" of the levels to coincide with the percentage 
compositions interpolated from the results of Chapman and Shadmi 
[2] for Fe XVIII and Cu XXI. Specifically, within the 2p 4CP)3s 
configuration, the 2P3!2 and 4P3!2 designations given by Feldman 

I 
Wavelength (A) No. Wavelength (A) No. 

14.300 9 14.791 9 
14.349 8 88.35 1 
14.418 10 99.02 1 
14.530 9 
14.553 9 
14.604 8 

et al. have been interchanged. There are indications that certain of 

the J = ¥z levels within the 2p 4CP)3d configuration should also be 
relabeled, but the calculated energy levels and percentage com
positions given by Chapman and Shadmi predict level crossings 
among those states at some point along the isoelectronic sequence 
beyond iron, since their relative locations for copper are somewhat 
different than for iron. For transitions to these states, therefore, we 
have left the wavelength and energy level columns blank. 

References 

[1] Cheng, K. T., Kim, Y.-K., and Desclaux, J. P., At. Data Nucl. Data Tables 24, 
III (1979). 

[2] Chapman, R. D., and Shadmi, Y., J. Opt. Soc. Am. 63, 1440 (1973). 
[3] Feldman, ll., Doschek, C. A., Cowan, R. D., and Cohen, L., J. Opt. Soc. 

Am. 63, 1445 (1973). 
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CO XIX: Allowed transitions 

Transition 
A(A) 

! Accu· 
No. Multiplet E,(cm- 1

) Edcm- 1) gi gk Aki (l08S - 1) jk S(at.u.) log gf Source 
array racy 

1. 2s 22p 5_2s2p b 2po _ 25 91.62 40500 1132000 6 2 1340 0.0564 0.102 -0.471 C+ 1 

88.35 0 1132000 4 2 1000 0.0586 0.0682 -0.630 C+ 1 
99.02 121600 1132000 2 2 350 0.0514 0.0335 -0.988 C+ 1 

2. 2s 22p 5- 2po _ 45 

2s2pyiPO)3p 

4 4 0.0018 -2.14 E interp. 

3. 2po _ 2p 

4 4 0.083 -0.48 E interp. 

4. 2po _ 25 

4 2 0.026 -0.98 E inlerp. 

2 2 0.13 -0.59 E inlerp. 

5. 2s 22p 5_ 2pO _ 2n 

2s2p 5CPO)3p 

4 6 0.072 -0.54 D inlerp. 

2 4 0.23 -0.34 E interp. 
4 4 0.029 -0.94 E interp. 

6. 2po _ 2p 

4 4 0.016 -1.l9 E inlerp. 

2 2 0.13 -0.59 E interp. 

4 2 0.011 -1.36 D interp. 

2 4 0.16 -0.49 E interp. 

7. 2po _ 25 

4 2 0.0013 -2.28 E interp. 

2 2 0.013 -1.59 E inlerp. 

8. 2p 5_2p4(P)3s 2po _.p 

[14.604J 121600 6969100 2 4 530 0.0034 3.3(-4), -2.17 E interp. 

14.349 0 6969100 4 4 170 5.2(-4) 9.8(-5) -2.68 E interp. 

2 2 8.4(-5) -3.77 E inlerp. 

9. 2po _ 2p 14.538 40500 6919200 6 6 1.1(+4) 0.034 0.0099 -0.68 E inlerp. 

14.530 0 6882300 4 4 820 0.0026 5.0(-4) -1.98 E interp. 

14.553 121600 6993000 2 2 1.2(+4) 0.038 0.0036 -1.12 D interp. 

14.300 0 6993000 4 2 2.0(+4) 0.030 0.0056 -0.92 D interp. 
14.7Ql l?lf>OO tlHH?.'~OO ? 4. 2tlO 00017 1.7(-4.) -2.4.7 E interp. 

10. 2p 5_2p 4CO)3s 2po _ 20 11.256 40500 7054900 6 10 5600 0.028 0.0080 -0.77 E inlerp. 

14.178 0 7053200 4 6 10 4.6(-5) 8.6(-6) -3.74 E interp. 

14.418 121600 7057400 2 4 1.2(+4) 0.077 0.0073 -0.81 0 interp. 

[14.170J 0 7057400 4 4 1200 0.0037 6.9(-4) -1.83 E interp. 

II. 2p 5_2p 4CS)3s 2po _ 25 13.915 40500 7226900 6 2 2.8(+4) 0.027 0.0075 -0.79 0 interp. 

13.847 0 7226900 4 2 1.7(+4) 0.025 0.0046 -1.00 0 interp. 

14.074 1'21600 7226900 2 2 1.0(+4) 0.031 0.0029 -1.21 0 interp. 

12. 2p 5_2p 4CP)3d 2po _ 4D 

4 6 0.017 -1.l7 E interp. 

2 4 0.0024 -2.32 E interp. 

4 4 0.021 -1.08 E inlerp. 
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CO XIX: AUowed transitions-'-Continued 

Transition 
;\,(A.) f..:(cm- 1

) f..~(cm-I) A.H (l08s- l ) fik S(at.u.) loggf 
Accu· 

Source No. Multiplet gi ,gk 
array racy 

13. 2pO _ 4p 

[13.497] 121600 7530700 2 2 140 3.8(-4) 3.4(-5) -3.12 E interp. 
13.279 0 7530700 4 2 2600 0.0035 6.1(-4) -1.85 E interp. 

14. 2pO _4F 

2 4 0.0077 -1.81 E interp: 
4 4 0.0066 -1.58 E interp. 

15. 2pO _ 2p 

4 4 9.8(-4) -2.41 E interp. 
2 4 0.034 -1.17 E interp. 

16. 2p5_2p 4eD)3d 2pO _ 2F 

4 6 0.11 -0.36 E .intcrp. 

17. 2pO _ :!p 

[12.939] 0 7728500 4 4 5200 0.013 0.0022 -1.28 E interp. 
2 2 0.53 0.03 E interp. 
4 2 0.027 -0.97 E interp. 

13.146 121600 7728500 2 4 1.9(+4) 0.10 0.0087 -0.70 E interp. 

18. 2pO _ zs 13.050 40500 7703600 6 2 2.6(+4) 0.022· 0.0056 -0.88 E interp. 

12.981 0 7703600 4 2 130 1.7(-4) 2.9(-5) -3.17 E interp. 
13.188 121600 7703600 2 2 2.5(+4) 0.064 0.0056 -0.89 E interp. 

19. 2pO _ 2D 

[13.090] 121600 7761000 2 4 1.0(+5) 0.52 0.045 0.02 E interp. 

20. 2pfi_2p4CS}3d 2po _ 2D 

12.700 0 7874000 4 6 1;4(+4) 0.051 0.0085 -0.69 E irlterp. 

21. 2s"2p"-2p b3d "PO - ~D 

4 6 1.7(-4) -3.17 E inierp. 
2 4 0.0061 -1.91 E int.erp. 
4 4 0.0037 -1.83 E interp . 

• Thenumber in parentheses following the tabulated vilue indicates the power of ten by which this value hasto be multiplied. 

Co XX 

Ground State' 

Ionization Potential [1596] eV = [128730001 em-I 

Allowed Transitions 

Jscillator strengths for 2s-2p transitions are the results of the 
multiconfiguration Dirac-Fock (MCDF) calculations of Cheng et al. 
[1]. These relativistic calculations iDcludea perturbative treatment 
of the Breit interaction and the Lamb shift. The results should be 
quite accurate, except in the case of intercombination transitions, for 
which the I-values should be considered rather uncertain. The 
2S22p4 ID2-2s2p5 "P?transition has been omitted from this tabu-

lation, because its f-value as reported in ref. [1] is extremely 
and therefore even more uncertain. 

Reference 

[J J Cheng, K. '1'., Kim, Y.·K., and Desclaux. 1. P., At. Data Nucl. Data Tables 24, 
III (1979). 

J. Phys. Chem. Ref. Data, Vol. 10, No. 21 1981 



94 FUHR ET AL. 

Co xx: Allowed transitions 

No. 
Transition 

Multiplet A(A) f..~(cm-I) Ek(cm- I) AdIOBs- 1) Jilt S(at.u,) log gf 
Accu· 

Source 
array 

gi g" racy 

l. 2s 22p 4_2s2p 5 :Ip _ :lpO 103 45200 1020000 9 «) 580 0.092 0.28 -0.08 C 1 

101.88 0 981550 5 !> 420 0.065 0.11 -0.49 C 1 
105.72 107500 1053400 3 :~ 134 0.0225 0.0235 -1.171 C I 
94.94 0 1053400 5 :~ 364 0.0295 0.0461 -0.83 C 1 
99.89 107500 1109000 3 I 670 0.0333 0.0329 -1.000 C 1 

114.41 107500 981550 3 !) 109 0.0358 0.0405 -0.97 C 1 
103.16 84000 1053400 1 3 170 0.083 0.028 -1.08 C 1 

2. :lp _ IpO 

[73.0] 5 3 150 0.0074 0.0089 -1.43 E 1 
[79.2] 3 3 14 0.0013 0.0010 -2.41 E 1 
[77.0] 1 3 20 0.0054 U.UU14 -2.27 ~ 1 

3. ID _ :lpO 

[125] 5 5 28 U.UUb!J U.013 -1.49 E 1 

4. ID _ IpO 86.19 5 3 1590 0.106 0.150 -0.276 C 1 

5. IS _ :lpO 

[143] I 3 9.7 0.0089 0.0042 -2.05 E 1 

6. 'S _ 'po 101.39 1 3 110 0.052 0.017 -1.28 C 1 

7. 2s2/'':''2p b 
:Ipo _ IS 

[80.5] 3 I 170 0.0056 0.0045 -1.77 E 1 

8. IpO _ IS 109.14 3 1 1730 0.103 0.111 -0.51 C 1 

Co XXI 

Groun:d State 

Ionization Potential [1725] eV = [13913000] cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. Waveleng¢ (A) No. Wavelength (A) No. 

74.4 13 88.77 8 106 IS 129 10,16 
75.0 4 89.6 2 106.23 14 132 10,16 
75.7 l~ QOn 14 106.76 6 133 5 

77.1 13 93.00 12 109 11 138 5 
77.69 8 94.9 12 110.64 I 146 5 

78.3 3 100 II 1I3 16 155 5,16 

82.2 13 101 6 113.70 1 161 9 
83.8 13 102 14 1I9 10 166 5 

85.40 8 103 12 122 15 193 9 

85.6 12 104.14 6 125.15 1 229 9 

88.7 7 
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Oscillator strengths for transitions of the arrays 2s 22p3_2s2p 4 

and 2s2p4-2p5are the results of the multiconfiguration Dirac-Fock 

(MCDF) calculations.of Cheng etal. [1]. These relativiStic calcu
lations include a perturbative treatment of the Breit interaction and 
theLaIDbshi(t. The results should be quite accurate, except in the 
case ·of intercomhination lines, for. which the i-values should be 
cuuJ;itlcn:tl cathec Wlccctam. (A fc:w· vCiJ wc~iLitcn;Olllbiuatioll 

lines have been omitted from this tabulation.) The I-value listed for 

the 2s22p 3 zD~12-2s2p4 2Sllztransition is quoted with anuncer
tainty of 50%, since its magnitude is considerably larger than those 
of the other int~rcombination lines. The 2s22p 3 2D~I2:.-.2s2p" 2D3/2 

transition is Qmitted, since its I-value according to ref.' [1] is ·of the 
order of 10.,....8. 

Reference 
LIJ Cheng, K. T., Kim, Y.-K., and Uesclaux,J. P., At. Uata Nucl. Uata Tables 24, 

III (1979). 

CO XXI: Allowed transitions 

No. 
Transition 

Multiplet MA) E;(crri-:""l) E,(cm- I ) Ak;(lOlis- l ) [;4 S(at.u.) loggf 
Accu-

Source 
array 

, gi gk 
racy 

1. 2S22pL2s2p4 "so _ 4p 118.58 0 843330 4 12 175 0.111 0.173 -'0.353. C' 1 

125.15 0 799040 4 .6 139 0.0491 0.081 -0.71 C 1 
1l3.70 0 879510 4 4 208 0.0404 0.060 -0.79, C I 
110.64 0 903830 4 2 236 0.0217 0.0316 -1.061 C 1 

2. 450 _ 20 

[tlY.b] 4 4 iSl U.OU;f{ 0.UU44 -1.tliS E 1 

3. "so _ 2g 

[78.3] 4 2 28 0.0013 0.0013 -2.28 E 1 

4. "so _ 2p 

[75.0] 4 4 62 0.0052 0.0051 -1.68 E 1 

5. 200 _ 4p 

[166J 6 6 3.4 0.0014 0.0046 -2.08 E 1 
[138] 4 4 2.0 5_6(-4)" 0.01110 -2.1\5 F. I 

[146J 6 4 0.70 1.5(-4) 4.3(-:-4) -3.05 E 1 
D33] 4 2 5.1 6.7(-4) 0.0012 -2.57 E l' 
[155J 4 6 9.3 0.0050 0.010 -1.70 E 1 

6: 200 _ 20 

106.76 6 6 360', 0.061 0.13 -0.44 C 1 
104;14 4 4 470 0.076 0.10 -0.52 C 1 

[101] 4 0 0.0:; 1.5(-4) 2.0(-4) "-3.22 E 1 

7. .200 - 2g 

[88.7J 4 2 510 0.030 0.035· -0.92 0 1 

8. 200.:. 2p 81-.53 10 6 1000 0.065 0.18 ....,0.19 C 1 

88.77 6 4 II 00 0.086 0.15 -0.29 C I 
77.69 4 2 285 0.0129 0.0132 -1.287 C 1 
85.40 4 4 137 0.0150 0.0169 -1.222 C I 

9. 2pO _ 4p 

[229] 4 6 0.28 3.3(-4) 0:0010 -'-2.88 E 1 
[193] 4 4 2.3 0.0013 0.0033 -2.28 E 1 
[161] 2 2 3.6 0.0014 0.0015 -2.55 E 1 

10. "po _ '0 125 6 10 56 0.022 0.054 -0.88 c- I 

[129J 4 6 64 0.0241 0.0409 -1.016 C 1 
[119] 2 4 31.3 O.01:i3 0.0104 -1.58 C I 
[132] 4 4 6.9 0.0018 0.0031 -2.14 0 I 

II. 2pO _ 25 106 6 2 .370 0.U21 0.044 -0.90 c- 1 

[109] I~ 2 22 0.0020 0.0029 -2.10 0 1 
100 2 2 410 0.062 0.041 -0.91 C' ·1 
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Co XXI: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A) f..:(cm- I
) Edcm- ') Ali (l08S- 1) ft. S(at.u.) log gf 

Accu-
Source 

array 
gi g. 

racy 

12. 2po _ 2p 95.8 6 6 488 0.067 0.127 -0.395 C- 1 

[103] 4 4 100 0.0159 0.0216 -1.197 C 1 
[85.6] 2 2 43 0.0047 0.0026 -2.03 0 1 
93.00 4 2 1100 0.069 0.085 -0.56 C 1 

[94.9] 2 4 107 0.0290 0.0181 -1.237 C 1 

13. 2s2p4_2p" .p _ 2pO 

[77.1] 6 4 42 0.0025 0.0038 -1.82 E 1 
[74.4) 4- 2 4.1 1.7(-4) l.7(-4) -3.17 E 1 
[82.2] 4 4 25 0.0025 0.0027 -2.00 E 1 
[75.7] 2 2 13 0.001l 5.5(-4) -2.66 E 1 
[83.8] 2 4 8.1 0.0017 9.4(-4) -2.47 E 1 

14. 20 _ 2pO 99.2 10 6 660 0.058 0.19 -0.24 C 1 

106.23 6 4 460 0.052 0.11 -0.51 C 1 
[90.6J 4 2 489 0.0301 0.0359 -0.92 C 1 

[102] 4 4 216 0.0337- 0.0453 -0.87 C 1 

15. 25 _ 2pO 116 2 6 90 0.054- 0.0416 -0.96 c- 1 

[122] 2 4 105 0.0467 0.0375 -1.030 C 1 
[106] ~ 2 35 0.0059 0.0041 -1.93 0 1 

16. 0p _ 2pO 131 6 () 45U 0.12 0.3U -U.1ti C 1 

[132] 4 4 330 0.086 0.15 -0.46 C 1 

[129J 2 2 360 0.089 0.076 -0.75 C 1 
[113] 4 2 443 0.0424 0.063 -0.77 C 1 

[155] 2 ,4 17.1 0.0123 0.0126 -1.61 C 1 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Co XXII 

Ground State 

Ionization Potential [1841] eV = [14849000] em-] 

Allowed Transitions 

List of tabulated lines 

Wavelength (A.) No. Wavelength (A) No. Wavelength (A.) No. Wavelength (A.) No. 

73.8 16 96.90 4 116 3,19 154 24 
78.3 6 97.1 17,23 117 19 169 27 

80.5 16 100 3 119 28 170 7,13 

81.4 6 104 20 120 2 172 22 

82.6 21 105 15 130 14 181 7 
84.7 4 106 20 131 19 186 24 

88.2 5 107 3 134 2 197 26 

88.9 18 107.48 10 135 19 233 J 

91.6 18 108 17 136 8,25 236 12 

92.1 5 110 3 137 2 253 26 

92.2 11 III 9 140 8 262 1 

92.63 4 112 3,17 143 2 

96.1 17 113 3,19 144- 2,22 
96.3 17 114 19 146 22 
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" Oscillator strengths for transitions of the arrays 2S22p L·25 2p 3 

ct!ld2s2p 3;....2p4 arethe results ofthe multiconfiguration Dirac-Fock 
[MCDF) calculations of Chenget al. [1]. These relativisticcalcu
lations include,a perturbative treatment of the Breit interaction and 

the Lamb shift. The results should' be quite accurate,~xcept in the 
case of intercombinationlines,for which 'the i-values should be 
considered rather unoertain. (A f~~' very 'weak' intercornhination 

lines have'been omitted from this tabulation.) The f-value'listed for 
the 2S22p2 3P2-:-:2s2p3 ID~tr~ln<::itlon is QUoted with an uncertainty 

50%, since its magnitude is considerably larger than those of the 
other intercombination lines, 

The remainingf-values were derived by interpolation from graphs 
of systematic trends along the isoelectronic sequence., 

Reference 

[1] Cheng, K. T., Kim, Y.-K., and Desclaux, J. P., At. Data Nucl. Data Tables 24, 
111(1979). 

CO XXII: Allowed transitions 

No. 
Transition 

Multiplet X(A) E;(cm- I) Edcm- I ) Aki (108
5- 1) fik S(at.u.) log gf 

Accu-
Source gi gk 

array racy 

1. ' 2s 22p 2_2s2p 3 3p _ sso 

[262] 5 . 5 0.45 4.6(-4)" ,0.0020 -2.64 E 1 
[233] 3 5 0.52 7.1(-4) 0.0016 -2.67 E 1 

2. 'p ~ "DO 134 9 15 ' 95 0.048 0.17 -OAf D 1 

[137] 5 7 70 0.0275 0.062 -0.86 C 1 
[134] 3 5 III 0.0496 0.066 -0.83 C 1 
[120] 1 3 150 0.096 0.038 -1.02 C 1 
[143] 5 5 '0.49 1.5(-4) 3.5(-4) , -3.12 E 1 
[134] 3 3 6.3 '0,0017 \ 0.0022 -2:29 D 1 

, [144] 5 3 1.2 2.2(-4) 5.2(-4) -2.96 E 1 

3. 3p,-3pO 111 9 9 260 0.049 0.16 ~O.36 D 1 

[113] 5 5 251 0.0480 0.089 -0.62 C 1 
[iIO] 3 3 203 0.0369 0.0401 -0.96 C 1 
[116] 5 3 31 0.0037 0.0071 -1.73 () 1 

, [112] 3 1 263 0.0165 0.0183 -1.305 C 1 
[107] 3 5: 2.3 6.7(:-4) 7.1(-4) -2.70 E 1 
[100] 1 3 44.0 0.0198 0.0065 .... 1.70 C 1 

4. 3p _ 3g0 94.0 9 3 1110 0.0488 0.136 -0.357 C 1 

96.90 5 3 700 0.059 0.094 -0.53 C 1 
92~63 3 3 272 0.0350 0.0320 -0.98 C I 

, [84.7] 1 3 105 0.0339 0.0095 '--].470 C I 

5. 3p _IDo 

[92.1] 5 5 110 0.014 0:021 -U5 D 1 
[88.2] 3 5 5.7 0.0011 9.6{-4) -2.48 E 1 

6, 3p_ Ipo 

[81.4] 5 3 3.7 2.2(-4) 2.9(-4) ~2.96 E 1 
[78.3] 3 3 63 0.0058 0.0045 -1.76 E 1 

7. ID _ 3D'" 

[170] 5 7 13 0.0079 0.022 -}.40 E 1 
[l81] 5 5 0.39 1.9(-4) 5.7("':'4) -3.02 E 1 
[181] 5 3 2.4 7.2(-4) 0.0021 -2.44 ~: 1 

8. ID _ 3po 

[136] 5 5 2.3 6.4(-4) 0.0014 -2.49 E 1 
[140] 5 3 2.8 f>.!)(-4) 0.0012 -2.60 E 1 

9. ID _ 3g0 

LIIIJ ;) :1 4.9 5.4(-4) 9.9(-4) -2.57 t; 1 
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CO ·XXII: Allowed transitions-Continued . 

~ .. ,.; ~ .~; ',~'~,::'; '~ ··_w. ::::...:;.-

N,. 'h~I1"il"m 
Multiplet .\(A) A; (em -I} Ek(cm- l ) .4., (108£-1) j. S(at.u.) log sf Accu· 

Souroe g, gk 
1'(flIY racy 

10. 10 _ 100 107.48 5 5 500 0.087 0.15 -0.36 C 1 

11. 10 _ IpO [92.2J 5 3 780 0.060 0.091 -0.52 C 1 

-
12. IS _ :100 

[236] 1 3 0.60 0.0015 0.0012 -2.82 E 1 

13. IS _ '~po 

[170] 1 3 2.0 0.0026 0.0015 -2.59 E 1 

14. IS _ :ISO i 

[130] 1 3: 8.8 0.0067 0.0029 -2.17 E 1 
I 

15. IS _ IpO [lOS] 1 3 202 0.100 0.0346 -1.000 C 1 

16. 2 .S2/1-2p 4 SSe _ ~p 

[80.5] 5 5 22 0.0021 0.0028 -1.98 E 1 
[73.8] 5 3 3.5 1.7(-4) 2.1(-4) -3.07 E 1 

17. :100 - :lp 104 15 9 510 0.0495 0.254 -0.130 C 1 

[112] 7 5 328 0.0441 0.114 -0.51 C 1 
[96.3] 5 3 242 0.0202 0.0320 -1.090 C I 
[97.1] 3 1 412 0.0194 0.0186 -1.235 C 1 

[108] 5 5 166 . 0.0290 0.052 -0.84 C 1 

[96.1J 3 3 170 0.0235 0.0223 -1.152 C 1 
[108] 3 5 48.4 0.0141 0.0150 -1.374- C 1 

18. .lOO - 10 

[91.6J 7 5 76 0.0068 0.014 -1.32 E 1 
[88.9] 5 5 8.4 0.0010 0.0015 -2.30 E 1 

19. lpo _ :lp 125 9 9 150 0.035 0.13 -0.50 0 1 

[135J 5 5 38.8 0.0106 0.0236 -1.276 (; ! 

[114J 3 3 4.2 8.1(":"4) 9.1(-4) -2.61 E 1 

[1l7] 5 3 202 0.0249 0.0480 -0.90 C 1 

[116J 3 1 220 0.0148 0.0170 -1.353 C 1 
[13IJ ;} J 42.2 0.0101 0.0234 1.265 C 1 

[1l3] 1 3 58 0.0334 0.0124 -1.476 C 1 

20. ~po _ to 

[106J 5 5 40 0.0067 0.012 -1.47 E 1 

[104J 3 5 18 0.0049 0.0050 -1.83 E 1 

2J.. :lpo _ IS 

[82.6] 3 1 62 0.0021 0.0017 -2.20 E 1 

22. 'So _ :Ip 159 3 9 109 0.124 0.194 -0.431 C 1 

[172] 3 5 69 0.051 0.087 -0.82 . C 1 

[144] 3 3 160 0.051 0.073 -0.82 C 1 

[146J 3 1 222 0.0237 0.0342 -1.148 C 1 

23. ~So - IS 

[97.1J 3 1 66 0.0031 0.0030 -2.03 E 1 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 499 

CO XXII: Allowed transitions-Continued 

Transition 
X(A) Hi (cm- I) Hdcm- I) 

[ 
Aki (l08S - I ) 

Accu· 
Source No. Multiplet gi gk I fA 8 (at.u.) log gf 

array racy 

24. lOa _ :lp 

[186] 5 5 9.3 0.0048 O.oI5 -1.62 E I 
[154] 5 3 5.6 0.0012 0.0030 -2.22 E 1 

25. IDo _ ID [136] 5 5 382 0.106 0.237 -0.276 C 1 

26. Ipa _ :lp 

[253] 3 5 1.2 0.0019 0.0047 -2.24 E 1 
[197J ~ 3 8.9 0.0052 0.010 -L81 E 1 

27. Ipa _ ID [169] 
I 

:~ 5 55 0.0389 0.065 -0.93 C 1 

Ipa .. IS [119J 
I 

:l I 920 0.065 0.076 -0.71 C 1 28. i 

29. 2p2_2p3.~ :ip _ :lpa 9 <) 0.048 -0.36 D interp. 

30. ID _ Ipa 5 :1 0.040 -0.70 D interp. 

31. 2p2_2p3d ID _ IFe 
I 5 7 0.95 0.68 0 interp. 

32. 2p3.~-2p3p :ipa _ :ID i 9 15 0.085 -0.12 0 interp. 

33. :ipa _ :IS 9 3 0.019 -0.77 0 interp. 

34. :ipo _ :lp 9 9 0.068 -0.21 0 interp. 

35. Ipa _ Ip 3 3 0.048 -0.84 D interp. 

36. Ire _ ID 3 5 0.14 -0.38 D interp. 

37. 2p3p-2p3d Ip_ Ira 3 3 0.028 -1.08 D interp . 

38. . 1D _ 3ra 15 21 0.030 -0.35 D- inlerp. 

39. ID _ Ipe 5 3 5.4(-4) -2.57 E inlerp. 

40.· ID _ Iro 
~ 7 0.10 -0.30 D inlerp. 

41. IS _ Ipa I 3 0.065 -1.l9 D inlerp . 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Gwund State 

Ionization Potential 

W:>velensth (A) 

79.1 
79.4 
83.2 
93.0 
93.4 
94.5 
96.1 
99.7 

102 
104 
106 

No. 

(, 

4 

6 
(, 

6 
]() 

6 

Wavelensth (A) 

107 
108.02 
109 
110 
113 
118 
119 
12b 
I:.!H 
1:\0 

1:\.:; 

Co XXIII 

Allowed Transitions 

List of tabulated lines 

No. Wavelensth (A) 

10 141 
3 143 
4 146 

3,5 147 
10 119 

I :l:1 

1:\ I(,!} 

I (, ~. 

I . " : ~ 

:~ ~ 1:'. IH·I 
.) : ~ I 'I 

[1955] eV = [15768000] em-I 

No. Wavelenflth (A) No. 

9 :.!:.!C) I:. 

9,16 :.!:It. 1.11 
~:~() 12 

1:1 ~ ~. ~: ~ 1 
.) : ~11: • 

.- ~ ~ I : ~ 

1(, :CI() 11-
1:1 :111:1 II 

1:'. 

11 

I :.~ 
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Oscillator strengths for transitions of the arrays 2S22p-2s 2p2 
2s 2p2_2i\ are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et al. [1]. These relativistic calcu
lations include a perturbative treatment of the Breit interaction and 
the Lamb shift. The results should be quite accurate, except in the 
case of intercombination lines, for which the f-values should be 
considered rather uncertain. (A few very weak intercombination 
lines have been omitted from this tabulation.) 

According to several sources (see, e.g., introduction to Fe XXII), 

the lower of the two levels 2s 2 P 2 2p 112 and 2S 112 is mostly of 2p 

character, having "crossed" the ~1/2 level at about V XIX or Cr xx. 
We have thus labeled these two levels accordingly, in contrast to 
their labeling by Cheng et a1. [1]. which is consistent with their 
ordering at the neutral end of the B sequence. 

A few multiplet J-values were derived by graphical interpolation 
along the isoelectronic sequence. 

Reference 
[1] Cheng, K. T., Kim, Y.-K., and Desclaux, J. P., At. Data Nucl. Data Tables 24, 

III (1979) and private communication. 

CO XXIII: Allowed transitions 

No. 
Transition 

Multiplet X(A) t.:(cm- I
) Edcm-

'
) Aki.oOBS-l) /;1 S(at.u;) log gf 

Accu-
Source gi gk array racy 

1. 2S22p-2s2p~ 2po _ 4p 

[242] 4 6 0.99 0.0013 0.0041 -2.28 E 1 
[285] 4 4 0.099 1.2(-4)" 4.5(-4} -3.32 E 1 
[236] 2 2 1.2 9.8(-4) 0.0015 -2.71 E 1 
[352] 4 2 0.16 1.5(-4) 7.0(-4) -3.22 E 1 

2. 2po _ 2D 139 6 10 86 0.0415 0.114 -0.60 C- 1 

[146] 4 6 68 0.0327 0.063 -0.88 C 1 
[l~b] Z 4 130 0.002 0.051 -0.91 C 1 
[153] 4 4 0.12 4.3(-5) 8.7(-5) -3.76 E 1 

3. 2po _ 2p 109 6 6 500 0.088 0.19 -0.28 C- I 

108.02 4 4 490 0.086 0.12 -0.46 C 1 
[1l0] 2 2 440 0.079 0.057 -0.80 C I 
[130] 4 2 0.78 9.9(-5) 1.7(-4) -3.40 E 1 

[93.0] 2 4 66 0.0171 O.oI05 -1.466 C 1 

4. 2po _ 25 101 6 2 470 0.025 0.052 -0.82 C- 1 

[109] 4 2 389 0.0346 0.0497 -0;86 C 1 
[94.5] 2 2 24 0.0032 0.0020 -2.19 D 1 

5. 2s2p2_2p:' 4p _ 450 122 12 4 474 0.0353 0.170 -0.373 C 1 

[128J 6 4 208 0.0340 0.086 -0.69 C 1 
[118] 4 4 162 0.0338 0.053 -0.87 C I 

[110] 2 4 116 0.0422 0.0306 -1.074 C 1 

6. 4p _ 200 

[102] 6 6 28 0.0044 0.0089 -1.58 E 1 

[99.7J 4 4 35 0.0052 0.0068 -1.68 E 1 

[106J 6 4 4.1 4.6(-4) 9.6(-4) -2.56 E 1 

[96.1] 4 6 0.67 1.4(-4) 1.8(-4) -3.25 E 1 
[93.4] 2 4 0:80 2.1(-4) 1.3(-4) -3.38 E 1 

7. 4p _ 2po 

[33.2] 6 4 1.7 1.2(-4) 2.0(-4) -3.14 E 1 

[79.1] 4 4 3.6 3.4(-4) 3.5(-4) -2.87 E 1 

[79.4] 2 2 2.9 2.7(-4) 1.4(-4) -3.27 E 1 

8. 20 _ 450 

[184] 4 4 2.2 0.0011 0.0027 -2.36 E 1 

9. 20 _ 200 112 10 10 161 0.0488 0.228 -0.312 C 1 

[141J 6 6 138 0.0412 0.115 -0.61 C 1 

[143] 4 4 78 0.0240 0.0452 -1.018 C 1 

[149] 6 4 S6 0.0124 0.0365 -1.128 C 1 

13S 4 6 43.4 0.Ql78 0.0316 -1.148 C I 
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TRANSITIONPROBABILITIE~FOR 'IRON, COBALT, AND NICKEL 581 

Co XXIIi: Allowed. transitions-Continued 

. No. 
Transition 

Multiplet A(A) A: (cm- 1
) h.'.t.(cm- 1). Aki (l08S - I ) j,k S(at.u.) log gf 

Accu-
Source 

array gi glt 
racy 

10. 20_ 2po . 109 10 6 250 0.027 0.096 -0.57 0 1 

(107]' 6 4 155 0.0177 0.0374 -0.97 C 1 
(113] . 4 2 330 0.0316 0.0470 -0.90 C 1 
[104] 4 4 56 0.0091 0.012 -1.44 D 1 

II. 2p _ 4S0 

[383] 4 4 0.34 7.4(-4) 0.0037 -2.53 E 1 
[236] 2 4 1.9 0.0032 0.0050 -2.19 E 1 

12. 2p .;.200 202 6 10 46.2 
I 0.0471 0;188 -0.55 C- 1 

[219] 4 6 35.3 0.0381 0.110 -0.82 .C 1 
[1.7:l] 2 4 77 0.068 0.017 -0.81 C 1 

t2~9] 4 4 0.44 3.8(-4) 0.0012 -'-2.82 . E 1 

13; 2p _ 2po 141 6 6 200 0;061 0.17 -0.44 0 1 

[147J 4 4 230 0.074 0.14 -0.53 C 1 
[130] 2 2 34 0.0087 0.0074 -1.76 0 1 
[165} 4 2 f2 0.0044 (};0096 -1.75 . D 1 
Dl91 2 4 36.7 0.0156 0.0122 -1.51 C 1 

14. 2S _ 4S0 

[359] 2 4 0.14 5.5(-4) 0.0013 -2.96 E 1 

. J5. ~ _2Do 

. [229] 2 4 7.4 0.Ql16 0.0175 -1.63 C 1 

16. 2S _ 2pO 148 2 6 66 0.065 0.063 -0.89 C 1 

[143] 2 4 22.8 0.0140 0.0132 -1.55 C 1 
[160] 2 2 124 0.0475 0.050 -1.022 C 1 

17. 2p-3s 2po _ 2S 6 2 0.019 -0.94 D interp. 

18. 2p-3d 2po_ 2D 6 10 0.66 0.60 D interp. 

19. 3s-3p 2S _ 2po 2 6 0.16 -0.49 E interp . 

20. 3p-3d . 2po_ 2D 6 10 0.044 -0.58 E interp. 

g •• 

lhe number In parentheses followmg the tabulated value indicates $e power of ten by which this value has to bemu1t;nl;...J 

Co XXIV 

Ground State 

Ionization· Potential [2106] eV = [16986000] cni- l 

A'lowed Transition!> 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. 

10.07 9 10.57 14 127 4 172 3 
10.08 10 10.59 17 135 :I 206 6 
10.16 8 10.61 17 137 3 250 1 
10.19 13 10.67 18 140 7 301 5 
10.42 14 10.80 15 144 3 356 5 
10.45 14 112 4 158 :i 512 5 
10.56 14 123 2 165 3 
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'''''' 'fit' ~tHlillo{lhll for transitions of the arrays 2s 2-2s 2p and 
~ I·" ~l"i iH;r Ihcresults of the multiconfiguration Dirac-Fock 
(lnmn (iitl(:ulations of Cheng et a1. [1]. These relativistic calcu
hukmf! include a petturbative treatment of the Breit interaction and 
tht~ Lamb shift. The results should be quite accurate, except in the 
case of intercombination lines. for which the I-values should be 
considered more uncertain. (The 2s2p 3P?_2p2 ISO transition has 

been omitted from this tabulation, since its f-value is considerably 
smaUer than those of the other lines of the array.) 

The [-values for the resonance transitions 2S2 ISo-2snp IPf 
(n = 3,4) were interpolated from the relativistic random phase 

approximation (RRPA) results of Lin and 10hnson [2] for Fe XXIII 

and Ni xxv. 
The results of the Hartree-XR (Hartree-Fock with statistical ex

change and relativistic effects) calculations of Bromage et a1. [3] for 
Fe XXllI, and of Fawcett et at [4] for Ni xxv, were used to inter
polate f-values for several transitions involving electron jlirnps from 
the n = 2 shell to the n = 3 shell. 

A few multiplet I-values were derived by interpolation along the 
Be isoelectronic sequence. 

Transition probabilities are available in graphical form for several 
transitions involving vacancies in the K shell [5], but they are not 
tabulated here since relativistic effects were not taken into aCcoWlt. 

References 

[1] Cheng, K. T .• Kim, Y.·K., and Desclaux. J. P., At. Data Nucl. Data Tables 24, 
III (1979). 

[2] Lin, c. D., and lohnson, W. R., Phys. Rev. A 15, 1046 (1977). 
r31 Broma~e, G. E., Cowan. R. D .• Fawcett, B. C., and Rid~e1ey, A .• J. (}pt. Soc. 

Am. 68, 48 (1978). 
[4] Fawcett. B. C., Ridgeley, A., and Hughes, T. P., Mon. Not. R. Astron. Soc. 188, 

365 (1979). 
[5] Boiko, V. A., Chugunov, A. Yu., Ivanova. T. G., Faenov, A. Ya., HoIin, I. V., 

Pikuz, S. A., Umov, A. M., Vainshtein, L. A., and Safronova, U.I., Mon. Not. 
R. Astron. Soc. 185, 305 (1978). 

Co XXIV: Allowed transitions 

No. 
Transition 

Multiplet X(A.) f..:(crn- I) Ek(cm- I ) AdI08s- l ) ftk S(at.u.) log gf 
Accu-

Source array 
g; gk 

racy 

1. 2S2_2s2p IS _ :ipO 

[250] 1 3 0.64 0.0018 0.0015 -2.74 D I 

2. IS _ IpO [123] 1 3 223 0.152 0.0615 -0.818 B 1 

3; 2s2p-2p2 :Ipa _:lp 153 9 9 142 0.0499 0.226 -0.348 B 1 

[158] 5 5 77.5 0.0290 0.0754 -0.839 B 1 
[144] 3 3 46.6 0.0145 0.0206 -1.362 B 1 
[172] 5 3 46.6 0.0124 0.0351 -1.208 B ] 

[J65] 3 1 132 0.0179 0.0292 -1.270 D 1 

[135] 3 5 61.7 0.0281 0.0375 -1.074 B 1 
[137] 1 3 75.0 0.0633 0.0285 -Ll99 B I 

4. :lpa _ ID 

[127] 5 5 62 0.0151 0.0316 -1.l22 C 1 
[112] 3 5 5.7 0.0018 0.0020 -2.27 D 1 

5. Ipa _ :Ip 

[301] 3 5 4.42 0.0100 0.0297 -1.52 C 1 
[356] 3 3 0.095 1.8(-4)" 6.3(-4) -3.27 E 1 
[512] 3 1 0.23 3.0(-4) 0.0015 -3.05 E 1 

6. Ipa _ ID [206] 3 5 51.1 0.0542 0.110 -0.789 B 1 

7. 'po - 's [140] 3 1 359 0.0352 0.0407 - 0.976 D 1 

8. 2S2_2s3p IS _ Ipa [10.16] 0 [9842500] I 3 1.32(+5) 0.612 0.0205 -0.213 B interp. 

O. 2s2p-2p?'p 3pa _ ,'ID 

[10.07] 5 7 6.1(+4) 0.13 0.022 -0.19 D interp. 

[10.07] 3 5 5.9(+4) 0.l5 O.OIS -0.35 D inlerp. 

10. 3pO _ :lp 

[10.08] 5 5 5.5(+4) 0.084 0.014 -0.38 D- inlerp. 

II, 2,<~' 2.,4) IS _ Ipa I 3 0.152 -0.8IB B interp. 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 503 

CO XXI\,: Allowed transitions-Continued 

1 I 
Accu-Transition 

A(A) t:(cm- I ) Ek(cm- 1) Aki(108s- 1) fik S(at.u.) log gf Source No. Multiplet gi gk 
array racy 

12. 2.s2p-2s3s :ipO _ :is 9 3 0.027 -0.61 D interp. 

13. Ipe _ IS [10.19] 3 1 1.l(+4) 0.0059 5.9(-4) -1.75 E in/erp. 

14. 2s2p-2s3d :Ipe _ :'0 

[10.56] 5 7 2.6(+5) 0.60 0.10 0.48 0 interp. 
[10.45] 3 5 2.0(+5) 0.55 0.057 0.22 D interp. 
[10.42] 1 3 1.6(+5) 0.76 0.026 -0.12 0 interp. 
[10.57] 5 5 6.6(+4) 0.11 0.019 -0.26 0 inlerp. 
[10.45] 3 3 1.l(+5) 0.18 0.019 -0.27 0 inlerp. 

15. Ipe - 10 [10.80] 3 5 2.0(+5) 0.59 0.063 0.25 0 interp. 

16. 2p~.:..2p3d :Ip _ :irO 

5 7 0.25 0.10 E interp. 

17. "P - "00 

[10.61] 5 7 2.6(+5) 0.61 0.11 0.48 0 interp. 
[10.59] I 3 2.6(+5) 1.3 0.045 O.ll 0 interp. 

18; ID _ Iro [10.67] 5 7 4.1(+5) 0.97 0.17 0.69 0 interp. 

19. 2s3s-2s3p :is _ 3pe 3 9 0.12 -0.44 0 inlerp. 

20. IS _ Ipe 

I 
1 3 0.050 -1.30 E interp. 

21. 2s3p-2s3d :ipe _ :'0 9 15 0.026 -0.63 E inlerp. 

22. Ipe _ 10 3 5 0.045 -0.87 E interp . 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Co XXV 

Ground btaL'-

Ionization Potential [2218] eV = [17882000] cm- I 

Allowed Transitions 

Transition probabilities for the strongest inner-shell transitions to 
doubly excited n = 2 states are taken from results of the Z
expansion perturbation calculations of Vainshtein and Safronova 

[1]. Their results are in good agreement with the multiplet oscillator 
strengths for the 2pO - 2p and 2pO - 2D transitions of the 1 s 22p
Is2p2 array which were calculated by Fox and Dalgarno [2] in a 

Z -expansion approximation that included large-scale configuration 
interaction. 

O~cillctLul' :;Ln::I1~Lh:; fur lint:::; uf Lllt~ priucipctl (2~-2f') n::;uuauce 

multiplet are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et aI, [3]. which include a per
turbative treatment of the Breit interaction and the Lamb shift. 

The results of the scaled Thomas-Fermi calculations of Hayes [4], 
which included relativistic effects, and the Hartree-XR (Hartree

Fock with statistical exchange and relativistic effects) calculations of 
Fawcett et a1. [5J for the 2p-3s transilions in Fe XXIV and Ni XXVI, 

respectively, were used to derive interpolated J-values for these 
transitions in Co xxv. Similarly, the results of the MCDF calcu

lations of Armstrong et al. [6] for Fe XXIV and those of Fawcett et 

a1. [5J for Ni XXVI were used to interpolate f-values for the 2p-3d 
transitions in Co xxv. 

The [-value for the 3d-4[ transition was taken from a study of 
systematic trends along isoelectronic sequences by Smith and Wiese 
[7]. The tabulated data for the remaining transitions were taken 
frum lhe LlteOleLicctl aualy:si:l of Martin dnd Wie~e [8], which was 

based on a generalized study of systematic trends for several spectral 
series of the lithium isoelectronie !;equcncc. 

Results of the relativi!;tic Hartree-Fock calculations of Kim and 
Desdaux [9] for several ions of the Li sequence were incorporated 
into tlte data of ref. [8] for the 2s-3p transitions. For an other 
transitions for which the results of ref. [8] are quoted here, no 
relativistic cakulatiuns wt;rt; a vctilctl.Jk. IIowt;ver, the rdativi:;tic 
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calculations of Younger and Weiss [lOJ for the hydrogen iso
electronic sequence provide a means of assessing the magnitude of 
relativistic corrections since the Li sequence is very similar in struc
ture to the H sequence. For those transitions for which relativistic 
effects were estimated to be significant (specifically, whenever the 
ratio of the weighted relativistic hydrogenic f-values gijJ,. of any two 
lines within a multiplet was found to deviate from the corresponding 
LS -coupling line-strength ratio by more than 5% for the appropriate 
value of the nuclear charge Z), the f-values were excluded from the 
compilation. A more detailed discussion of this comparison is given 
in ref. [8]. 
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CO XXV: Allowed transitions 

No. 
Transition 

Multiplet A(A) t:(cm- 1
) Ek(cm- I ) ) g; I g. Ak;(108S- I ) 

Accu. 
j, S(at.u.) log gf Source array racy 

I 

l. ls~2s- 25 _ 2po 1.722 2 6 5.0(+6)' 0.66 0.0075 0.12 D 1 
Is2pCPO)2s 

[1.721] 2 4- 5.7{+6) 0.51 0.0057 0.01 0 1 
[1.724] 2 2 3.6(+6) 0.16 0.0018 -0.49 D 1 

2. l.I 22s- ~5 - ~po 

Is2pCPO)2s 

[1.718] 2 2 2.2(+6) 0.097 0.0011 -0.71 D I 

3. ls22p-ls2p 2 2pO _ 2D 

[1.725J 4 6 2.4(+6) 0.16 0.0036 -0.19 0 1 

[1.723J 2 4 3.8(+6) 0.34 0.0038 -0.l7 D 1 

4. 2po _ 2p 

[1.722] 4 4 7.2(+6) 0.32 0.0073 OJ1 0 1 

[1.723J 2 2 6.3(+6) 0.28 0.0032 -0.25 D I 
[1.727J 4 2 1.9(+6) 0.042 9.7(-4) -0.77 0 I 

5. 2po _ 25 

[1.717J 4. 2 2.9(+6) 0.064 0.0014 -0.59 D 1 

6. 2s-2p 2S _ 2po 195 2 6 37.7 0.0645 0.0828 -0.889 B+ 3 

[178] 2 4 49.9 0.0474 0.0556 -1.023 B+ 3 

[243] 2 2 19.2 0.0170 0.0272 -\.469 B+ 3 

7. 2s-3p 2S _ 2po 9.81 2 6 8.69(+4) 0.376 0.0243 -0.124 B+ 8 

(9.80J 2 4 8.58(+4) 0.247 0.0159 -0.306 B+ 8 

[9.04J 2 2 O.09( I 4) 0.129 0.00036 0.588 B~ 8 

8. 2s-4p 25 _ 2pO 2 6 0.100 -0.699 C+ 8 

9. 2s-Sp 2S _ 2po 2 6 0.040 -l.lO 1.+ 8 

10. 2s-6p 2S _ 2pO 2 6 0.0213 -1.371 C+ 8 

II. 2s-7p 2S _ 2pO 2 6 0.0125 -1.602 C+ 8 

12. 2p-3s 2po _ 2S 10.49 6 2 3.2(+4) 0.018 0.0037 -0.97 D interp. 

[10.54J 4 2 2.2(+4) 0.018 0.0025 -1.14 C interp. 

10.38 2 2 1.l(+4) 0.017 0.0012 -1.47 D interp. 
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Co xxv: Allowed transitions-Continued 

Transition 
A(A) E;(cm- 1

) Edcm- I ) Adl0ss- 1) J" 5 (at.u.) log gf 
Accu· 

Source No. Multiplet gi gk 
array racy 

13. 2p-3d 2pO _ 20 10.26 6 10 2.57(+5) 0.68 0.137 0.61 C interp. 

[1O.31J 4 6 2.54(+5) 0.608 0.0825 0.386 C+ interp. 
[10.17J 2 4 2.19(+5) 0.678 0.0454 0.132 C+ interp. 

[1O.32J 4 4 4.3(+4) 0.068 0.0092 -0.57 C interp. 

14. 2p-4d 2pO _ 20 6 10 0.12 -0.14 C+ 8 

15. 2p-5d 2pO _ 20 6 10 0.0450 -0.569 C+ 8 

16. 2p-6d 2pO _20 6 10 0.0220 -0.879 C+ 8 

17. 2p-7d 2pO _ 20 6 10 0.0126 -1.121 C+ 8 

18. 3s-4p 25 _ 2po 2 6 0.45 -0.05 C 8 

19. 3s-5p 25 _ 2pO 2 6 0.108 -0.67 C 8 

20. 3s-6p 25 _ 2po 2 6 0.048 -1.02 C 8 

21. 3s-7p 2S _ 2pO 2 6 0.0250 -1.301 C 8 

22. 3p-4d 'po - ;0 0 10 0.00 0.50 B 8 

23. 3p-5d 2pO _ 20 6 10 0.138 -0.082 C+ 8 

24. 3p-6d 2pO _ 20 6 10 0.0558 -0.475 C+ 8 

25. 3p-7d 2po _ 20 6 10 0.0289 -0.761 C+ 8 

26. 3d-4J 20 _ 2Fo 10 14 1.00 1.000 B 7 

27. 4s-5p 2S _ 2pO 2 6 0.481 -0.017 C 8 

28. 4s-6p 25 _ 2pO 2 6 0.129 -0.59 C 8 

29. 4s-7p 25 _ 2pO 21 () 0.056 -0.95 C 8 

30. 4p-5d 2po _ 20 6 10 0.585 0.545 C+ 8 

31. 4p-6d 2po _ 20 6 10 0.142 -0.070 C+ 8 

32. 4p-7d 2po _ 20 6 10 0.0617 -0.432 C+ 8 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Co XXVI 

Ground State 

Iunizatiun Put~ulial [9544.8] eV - [76983600] cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. 

1.3512 19 IASSZ IS 1.6,'jS 6,10 1.6S9 12 
1.3515 18 IA;l()<) 11 1.6,'jfl :~,9 1.660 3,9 
1.3824 17 l.h4H II- 1.1I;)7 () 1.601 3,9 
1.3831 16 1.6SI 1:1 

" 

l.hSH 9 1.662 9 

J. Phys. Chern. Ref. Doto, Vol. 10, No.2, 1981 



S06 FUHR ET AL. 

List of tabulated lines-Continued 

Wavelength (A) No. Wavelength (A) No. 

1.664 11 6.3098 37 
1.666 II 6.4208 38 
1.667 5 6.9269 25 
1.669 7,11 7.0393 26 
1.677 8 7.0708 33 
J.7118 2 7.2032 34 
l.l:lO3 1 9.2825 23 

6.2007 27 9.4422 24 
6.2972 28 9.5814 29 

Oscillator strengths for transitions of the 1 s 2_1 s 2p array are 
taken from the results of Drake [1], who incorporated accurate 
nonrelativistic matrix elements and exact Dirac hydrogenic matrix 

elements into a Z -expansion technique in order to provide f-values 
which would accurately reflect correlation effects for low-Z ions and 

relativistic effects for high-Z ions of the He isoelectronic sequence. 
Results for the stronger transitions to doubly excited n = 2 states 

are from the charge-expansion perturbation theory calculations of 
Vainshtein and Safronova [2]. The [-values for the Is2 IS -
lsnp 3po (n = 3-5) transitions were interpolated from results of 

the relativistic random phase·approximation (RRPA) calculations of 

Johnson and Lin [3]. Data for numerous other s-p and p-s tran
tions were interpolated from the RRP A results of Lin et al. [ 4 J, with 
the exception of the 2s-2p transitions, which are the actual publish
ed A-values of these same authors [5J obtained by the RRPA 
method. 

The Z-expansion results of Laughlin [6J have been tabulated for 
various p -d and d - p transitions, as welJ as transitions between 4d 
and 4f levels. For those multiplets which involve no change of 
quantum number (3p-3d, 4p-4d, 4d-4j) the results should be 
considered to be rather uncertain, since the f-values are very sensi-

Wavelength (A) No. Wavelength (A) No. 

·9.7862 30 58.106 57 
18.427 43 58.473 58 
18.607 44 59.684 60 
18.730 50 60.408 61 
18.973 51 181.2 21 
26.767 41 249.3 20 
27.024 42 348.3 22 

27.524 46 379.5 20 
27.941 47 406.8 20 

tive to energy differences. It should be noted that, according to 
Laughlin's calculations, the nd ID levels (n ,= 3,4) lie below the 
corresponding np IpO levels, and that the 4f IFo level lies below 

4d ID. The opposite is true for the triplet states. Oscillator strengths 

for a few p -d transitions were extrapolated from the variational 
calculations of Weiss [7]. 

Brown and Cortez [8] have providedf-values for numerous d-f 
andf-d transitions for the entire isoelectronic sequence by deriving 
Z -expansion formulae based on variational calculations for the low-Z 
ions. Their results for transitions between the lower-lying D and FO 

terms are tabulated here. 
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CO XXVI: Allowed transitions 

Transition 
A(A) f..:(cm- I

) Edcm- 1) Ad106s- l ) h S(at.u.) log gf 
Accu-

Source No. Multiplet gi gk 
array racy 

I. 1s!?-ls2p .S _ .1pO 

[1.7203] 0 [58128200] 1 3 5.89(+5)" 0.0784 4.44(-4 -1.l06 B 1 

2. IS _ IpO [1.7118] 0 [58416500] 1 3 5.26(+6) 0.693 0.00391 -0.159 B 1 

3. Is2s-2s2p 3S _ :lpO 1.658 [57864700] f 1181 8oo00J 3 9 3.3(+6) 0.41 0.0067 0_09 C 2 

[1.656] [57864700] [118240000] 3 5 3~3(+6) 0.23 0.0037 -0.17 C 2 

[1.660] [57864700] [1l81lO000] 3 3 3.2(+6) 0.13 0.0022 -0.40 C 2 

[1.661] [57864700] [118060000] 3 1 3.3(+6) 0.045 7.5(-4) -0.86 C 2 

4. :IS _ IpO 

[1.648] [57864700] [118540000] 3 3 1.5(+5) 0.0061 9.9(-5) -1.74 D 2 

5. "S - 3pO 

[1.667] [58129400] [118110000J 1 3 1.5(+5) 0.019 1.0(-4) -1.73 D 2 

6. IS _ IpO 1.655 58129400 118540000 1 3 3.2(+6) 0.39 0.0021 -0.40 C 2 
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No. 
Transition 

array 

7. Is2p:-2s 2 

8. 

9. Is2p-2p 2 

10. 

11. 

12. 

13. 

14. Is2-1.~3p 

15. 

16. Is2-1s4p 

17. 

18. Is2-1s5p 

19. 

20. Is2s-1s2p 

21. 

22. 

23. Is2s-ls3p 

24. 

TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 507 

Multiplet 

:lpO _ IS 

IpO _ IS 

:lpO _ :Ip 

:lpO - ID 

IpO _ :'p 

IpO - 10 

IpO _ IS 

IS _ :'po 

IS _ Ipe 

IS _ :lpO 

IS _ IpO 

15 _ 3po 

IS _ IpO 

3S _ :lpO 

:IS _ IpO 

IS _ IpO 

:15 _ '~po 

IS _ IpO 

CO XXVI: Allowed transitions-Continued 

A(A) f..:(cm- I) Edcm- I) Aki (l06S- I ) j,k 5 (at.u.) log gf 
Accu· 

Source 'gi gk 

[1.669] [58128200] [118050000] 3 1 

[1.677] '(58416500] [118050000 3 1 

1.659 [58202700} [118470000} 9 9 

[1.660] [58265900] [118510000 5 5 
[1.658] [58128200] [118440000 3 3 
[1.662J [58265900J [118440000] 5 3 
[1.661J [58128200] [118330000] 3 1 
[1.656J [58128200] [118510000] 3 5 
[L(}57] [56110500] [ 116440000] 1 .) 

[1.655J [58265900] [118670000] 5 5 

[1.664] [58416500] [118510000] 3 5 

[1.666J [58416500] [118440000] 3 3 
[1.669J [58416500] [118330000J 3 1 

[1.659J [58416500] [118670000] 3 5 

[1.651J [58416500] [118980000] 3 1 

[1.4569] 0 [68637700] I 3 

[1.4552] 0 [68720200] 1 3 

[1.3831] 0 [72301100] I 3 

[1.3824] 0 [72335400] 1 3 

[1.3515] 0 [73991900] 1 3 

[1.3512] 0 [74009400] 1 3 

295.9 [57864700] [58202700} 3 9 

[249.3] [57864700] [58265900] 3 5 
[379.5] [57861700] [58128200] 3 3 

[ 406.8J [57864700J [58110500] 3 1 

[181.2J [57864700] [58416500] 3 3 

[348.3] [58129400] [58416500] 1 3 

[9.2825] [57864700] [68637700] :~ :1 

9:4422 J [ 58129400 6872020{) J .} 

racy 

6.4(+5) 0.0089 1.5(-4) -1.57 D 2 

6.2(+5) 0.0087 1.4( -4) -1.58 D 2 

5.8(+6) 0.240 0.0118 0.335 C 2 

3.2(+6) 0.13 0.0036 -0.18 C 2 
1.5(+6) 0.062 0.0010 -0.73 C 2 
2.8(+6) 0.070 0.0019 -0.46 C 2 
6.0(+6) 0.083 0.0014 -0.61 C 2 
2.1(+6) 0.14 0.0024 -0.36 C 2 
2.2(-1-0) 0.27 0.0015 -0.57 C' 2 

1.8(+6) 0.074 0.0020 -0.43 C 2 

1.3(+6) 0.090 0.0015 -0.57 C 2 

1.6(+5) 0.0067 1.l(-4) -1.70 D 2 
1.0(+5) 0.0014 2.3(-5) -2.38 D 2 

4.9(+6) 0.34 0.0055 0.00 C 2 

5.9(+6) 0.080 0.0013 -0.62 C 2 

1.9(+5) O.oI8 8.6(-5) -1.74 E inLerp. 

1.42(+6) 0.135 6.47(-4 -0.870 B inlerp. 

7.7(+4) 0.0066 3.0(-5) -2.18 E inlerp. 

5.68(+5) 0.0488 2.22(-4) -1.312 B inlerp. 

4.0(+4) 0.0033 1.5(-5) -2.48 E interp. 

2.92(+5) 0.0240 1.07(-4 -1.620 B interp. 

10.3 0.0407 0.119 -0.913 B 5 

17.8 0.0276 0.0681 -1.081 B 5 
1.56 0.00985 0.0369 -1.530 B 5 

4.08 0.00337 0.0136 -1.995 B 5 

4.56 0.00224 0.00402 -2.172 B 5 

6.10 0.03:)3 0.0382 -1.478 B 5 

f).:l7(+4) 0.121 0.0111 -0.440 B interp. 

8.9:~(+4 0.358 0.0111 -0.446 B inler . P 
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CO XXVI: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A) r.~(cm-I) Ek(cm- 1) Adl08s-1) t. S(at.u.) loggf 
Accu· 

Source array gi gk 
racy 

25. ls2s-1s4p ]5 _ :'po 

[6.9269J [57864700J [72301100J 3 3 4.3(+4) 0.031 0.0021 -1.03 B inlerp. 

26. IS _ IpO [7.0393J [58129400J [72335400] 1 3 3.9(+4) 0.086 0.0020 -1.07 B interp. 

27. Is2s-lsSp :'S - :'po 

[6.2007J [57864700J [73991900J 3 3 2.1(+4) 0.012 7.3(-4) -1.44 B interp. 

28. IS _ Ipo [6.2972J [58129400J [74009400J 1 3 2.0(+4) 0.035 7.3(-4) -1.46 B inlerp. 

29. ls2p-ls3s :'po _ :15 

[9.5814] [58128200] [68565100] 3 3 1.0(+4) 0.014 0.0013 -1.38 B interp. 

30. IpO _ IS [9.7862J [58416500J [68635000J 3 1 2.9(+4) 0.014 0.0014 -1.38 B inlerp. 

31. Is2p-ls3d :'po _:lD 9 15 0.69 0.79 C+ inlerp. 

32. Ipo _ 10 3 5 0.70 0.32 C+ inlerp. 

33. ls2p-b4s :'po _ :'S 

[7.0708J [58128200J [72270900J 3 3 4000 0.0030 2.1(-4) -2.05 C inlerp. 

34. IpO _ IS [7.2032J [58416500J [72299200] 3 1 1.2(+4) 0.0031 2.2(-4) -2.03 C interp. 

35. Is2p-ls4d :lpO _:10 9 15 0.12 0.03 C 6 

36. IpO _ 10 3 5 0.12 -0.44 C 6 

37. ls2p-ls5s :'po _ '~S 

[6.3098] [58128200J [73976600J 3 3 2000 0.0012 7.5(-5) -2.44 C interp. 

38. IpO _ IS [6.4208] [584l6500J [73990800] 3 1 5800 0.0012 7.6(-5) -2.44- C interp. 

39. Is3s-1s3p :'5_ :'po 

3 3 0.016 -1.32 C interp. 

40. IS _ IpO I 3 0.057 -1.24 C interp. 

4l. ls3s-ls4p :'5 - :'po 

[26.767] [68565100J [72301100] 3 3 1.24(+4) 0.133 0.0352 -0.399 B interp. 

42. IS _ IpO [27.024] [68635000J [72335400] 1 3 1.20(+4) 0.393 0.0350 -0.406 B interp. 

43. Is3s-lsSp :'S _ apa 

[18.427J [68565100J [73991900J 3 3 6700 0.034 0.0062 -0.99 B interp. 

44. IS _ IpO [18.607] [68635000] [74009400] 1 3 6490 0.101 0.00619 -0.996 B interp. 

45. Is3p-ls3d 3pO _ :10 9 15 oml -1.00 0 interp. 

46. Is3p-ls4s :'po - :'S 

27.524 68637700 72270900 3 3 ~HOO U.UJ::! U.U087 -).02 B interp. 
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CO XXVI: Allowed transitions-Continued 

Transition 
Multiplet A(A) fJ~(cm -I) r.,'dcm- I) A.; (lOBs-I) j" S(at.u.) log gf 

Accu-
Source No. g; g" array racy 

47. Ipo _ IS [27.941] [68720200] [72299200] 3 1 8500 0.033 0.0091 -1.00 B interp. 

48. b3p-b4d :lpe _ ;iD 9 15 0.61 0.74 C 6 

49. Ipo _ 10 3 5 0.62 0.27 C 6 

50. ls3p-ls5s :ipO _ :is 

[18.730J [68637700J [73976600J 3 3 1300 0.0071 0.0013 -1.67 C interp. 

51. Ipe _ IS [18.973J [68720200J [7:~990800J 3 1 4200 0.0075 0.0014 -1.65 C interp. 

52. Is3d":ls3p 10 _ Ipe 5 3 0.0020 -2.00 E 6 

53. ls3d-ls4p :\D _ :ipo 15 9 0.012 -0.74 C 6 

54. 10 _ Ipe 5 3 Oml -1.26 C 6 

55. ls4s-1s4p :;s _ :ipO 

3 3 0.025 -1.12 E interp. 

56. IS _ Ipe I 3 0.069 -1.l6 1) interp. 

57. Is4s-1s5p :IS _ :Ipe : 

[58.106J [72270900J [73991900J ;1 :1 2960 0.150 0.0861 -0.347 B interp. 

58. IS _ IpO [58.473J [72299200J [74009400J I ;1 :mso 0.438 0.0843 -0.359 B interp. 

59. Is4p-ls4d ;lpO _ :10 9 IS 0.019 -0.77 0 6 

60. Is4p-ls5s :lpe _ :IS 

[59.684J [72301100J [73976600J 3 :1 97() 0.052 0.031 -0.81 B interp. 

61. Ipe _ IS [60.408J ! [72335400J [73990800J 3 I :{OOO O.OS4 0.032 -0.79 B interp. 

62. Is4d-ls4p 10 _ IpO 5 3 0.0030 -1.82 E 6 

63. Is4d-1s4J :10 _ :Iro 15 21 7.6(-4) -1.94 E 6 

64. Is4d-ls5f :10 _ :IFo 15 21 0.89 1.13 B 8 

65. 10 _ IFo 5 7 0.89 ! 0.65 B 8 

66. Is4J-ls4d i IFe - 10 7 5 4.0(-4) -2.55 E 6 

67. Is4J-ls5d ,1re - :ID 21 15 0.0089 -0.73 C 8 

68. 'Fo ..: '0 7 5 0.0089 -1.21 C 8 

69. Is5s-ls5p :is _ :lpO 

3 3 0.027 -1.09 E iflll·rp. 

70. IS _ Ipo 1 3 0.10 -1.OIl E IIlINp. 
-_.-- ~-.--~-- . "-- -- - - _._ .• 

• The number in parentheses following the tahulated value indicates the power of ten by which this value ha~ to he mllltiplil~d. 
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CO XXVII 

Crmlllli :-illite 

Ionization Potential [10011] eV = [80746000] cm- 1 

Allowed Transitions 

The transition probability data for this hydrogen-like ion may be 
obtained by scaling the data available for the hydrogen spectrum (see 
NSRDS-NBS 4 [1J) according to 

Jeo XXVII = jHydrogen, 

Aeo ;",v" = (27)4 AHydrogen, 

SeoxxvII == (27)-2 SHydrogen' 

An uncertainty of a few percent arises from the neglect of relativistic 
effects. Recent theoretical studies [2,3] indicate that relativistic 
effects on line strengths for this ion are generally in this range, with 
the relativistic value usually slightly below the non-relativistic one, 
although in certain transitions where n increases and l decreases the 

J. Phys. Chem. Ref. Doto, Vol. 10, No.2, 1981 

line strength increases. Younger and Weiss [3] have calculated 
exact Dirac relativistic hydrogenic line strengths for a number of 
transitions of interest along the hydrogen isoelectronic sequence. 
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Ground State 

loniation Potential 

Wavelength (A) 

1963.85 
1968;90 

1976.87 

i981.61 
1990;25 
1994.29 

2000.49 
2001.83 
2007.01 
2007.69 

2014.25 
2025.40 
2026.62 
2029.29 

·2033.56 
2041.16 
2047.35 
20~O.84 
2052.04 
2052.45 
2053:91 
2055~50 

2059.92 
2060.20 
2062.37 
2063.42 
2064.39 
2069.52 
2082.87 
2085.37 
2065.57 

2088.98 
2089.09 
2095.13 
2105_85 

2109.79 
2111.73 
2114.43 
2121.40 
2124.80 
2125.62 

2128.41 
2129.96 
2147.80 
2151.93 
2152.23 
2157.83 
2158.31 

2161.04' 
2166.15 
2173.54 
2174.48 
2182.38 
2183.91 
2190.22 
2191.21 

2197.35 

TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

Nickel 

511 

No. Wavelength (A) 

65 2201.59 
33 2212.15 
65 2220.71 

65 2221.94 
65 2230.96 
31 2244.46 

61 2251.48 
62 2253.57 

64 2254.81 
33 22::;0.1::; 

65 2259.56 
32 2261.42 
30 2266,35 -
62 2267.55 

57 2271.95 
64 2274.66 
60 2287.32 
63 2288.40 
29 2289.98 
29 2293~1l 

29 2300.77 

30 2302.97 
58 2307.35 
58 2312.34 
32 2313.98 
61 2317.16 
58 2320.03 
61 2321.38 
30 2324.65 
59 2325.79 
85 2329.96 

58 2345.54 
30 2346.63 
85 2347.51 
61 234.8_73 

29 2419.31 
29 2476.88 

84.- 2540.02· 
56· 2553.37 
83 2561.42 
28 2696.48 
30 2746.74 
55 2798.65 
55 2805.08 
29 2821.29 
56 2834.55 
54 2865.50 
54 2907.46 
55 2914.01 
55 2943.91 
79 .2981.65 
54 2984.13 
28 2992.60 
82 2994.46 
54 3002.48 
01 3003.62 

54 3012.00 

Ni I 

Allowed Transitions 

List of tabulated lines 

N~. Wavelength (A) 

80 3019.14 
27 3031.87 

55 3037.94 
27 3045.01 
54 3050.82 
52 3054.32 

51 3057.64 
52 3064.62 

26 3080.75 
::;0 3097.12 

50 3099.12 
25 3101.55 
51 3101.88 
23 3105.47 
53 3114.12 
22 3129.31 
52 3134.11 
52 3145.72 
18 3184.37 
50 3195.57 
49 3197.11 
50 3200.42 
53 3221.65 
23 3225.02 
23 3226.98 
21 3232.96 
22 3234.65' 
22 3~43.06 

26 3248.46 
22 3249.44 
21 3250.74 

19 3271.12 
24 - 3282.70 
18 3286.95 
50 3315.66 

20 3320.26 
16 3322.31 
78 3361.56 
17 3362.81 -

16 3365.77 
77 3366.17 
48 3367.89 
48 3369.57 
14 3371.99 
47 3374.22 
15 3380.57 
48 3380.89 
15 3391.05 
14 . 3392.99 
45 3409.58 
45 3413.48 
12 3414.77 
44 3420.74 
46 3423.71 
45 3433.56 
is ai:17.28 

76 .3446.26 

-No. 

11 
11 
44 

12 
44 
44 

45 
45 
45 
11 

13 

44 
75 
12 . 
43 

12 
44 
11 
II 
i2 
43 
42 

8 
74 

7 
7 

40 
41 
40 
10 
74 

42 
7 

38 
11 .. 

9 
74 
38 
42 
73 

8 
39 
6 
7 

36 
72 

7 
5 

39 

5 
5 

38 

9 
:W 
38 

:} 

39 

Is22s22p63s23p63d84s23F4 

7.635eV ~. 61579 cm-l 

Wavelength (A) No. 

3452.89 36 

3458.47 38 

3461.65 36 

3467.50 3 
3469.49 8 
3472.55 .39 

3483.77 6 
3485.89 36 
3492.96 37 
3498.19 2 

3500.85 6 

3502.60- 3 
3507.69 3 
3510.34 37 
35i3.93 36 

3515.05 38 
3519.77 5 
3523.44 35 
3524.54 37 
3527.98 6 
3551.53 5 
3561.75 2 
3566.37 71 
3571.87 5 
3587.93 35 

3597.71 - 37 
3602.28 3 
3609.31 35 
36iO.46 37 
3612.74 6 
3619.59 70 

3624.73 2 
3664.10 4 
3669.24 2 
3670.43 1-

3674.06 34 
3674.15 68 
3688.42 5 
3722.48 37 
3736.81 66 
3739.23 2 

3749.05 1 
3775.57 69 
3783.53 66 
3793.61 4 
3807.14 69 
3831.69 67 
3832.87 I 
3858.30 68 

3885.87 1 
3946.18 1 
3973.56 67 
4009.98 107 
4035.96 107 
4093.62 1 
4295.09 110 

4382.87 113 
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List of tabulated lines-Continued 

Wavelength (A) No. Wavelength (A) No. 

4401.55 97 4976.71 118 
4450.13 110 4980.16 101 
4633.03 99 5017.59 100 
4698.41 116 5039.36 105 
4714.42 98 5080.52 106 
4729.29 116 5085.48 103 
4740.17 99 5129.38 108 
4786.54 98 5157.99 100 
4817.85 118 5187.86 108 
4838.65 120 5262.83 102 
4843.53 116 5265.75 104 
4855.41 103 5371.33 121 
4900.97 98 5499.39 109 

For this spectrum, we have primarily chosen the data of Huber 
and Sandeman [l] (hereafter referred to as HS), who measured 
relative oscillator strengths by using the anomalous dispersion (hook) 
method. With the absorption technique, these authors were able to 
provide data for a few additional, weak resonance lines. HS nor
malized their relative f-values to an ahsolute sr.ale hy using the 
lifetime measurements of Becker et aI. [3], who employed the 
'zero-field level-crossing (~anle) technique. As a second data source 
we used Lennard et a1. [2], who measured relative oscillator 
strengths by determining branching ratios with a hoUow cathode 
discharge and e.stablished an absolute scale by normalizing to their 
own beam-foil lifetime measurements. We have used ref. [2] prin
cipally as a supplementary data source, i.e., for lines not measured 
by HS. 

The beam-foil lifetimes of Lennard et aI. are, on the average, 
. about 20 percent longer than those of Becker et al. Because of likely 
cascade problems with the beam-foil measurements, we have renor
malized the transition probabilities (or branching ratios) of Lennard 
et al. to the lIfetimes of ref. [3] whenever possible. For four higher 
levels, the data of Becker et al. overlap with lifetimes measured by 
Heldt et al. [4], who used selective laser excitation. In two cases, the 
agreement is within 5 percent; in the other two cases the differences 
are 22 percent and 36 percent. Additional support for the data of 
HS is provided by a comparison of the inverse sums of their transi
tion probabilities (~iAki)-l, to the lifetimes of Heldt et aI. With the 
exception of the long-lived ziG? level, this comparison indicates 
agreement withtn 15 percent for seven levels and 'within 5 percent 

for four of these levels. Although these inverse sums are incomplete, 
the missing A -values generally correspond to weak infrared or inter
combination lines. (In performing this analysis, we have included the 
effects of these additional lines by using the calculated transition 
probabilities of Kurucz and Peytremann [5].) 

It should be noted that the log gf-values of Lennard et aI., 
renormalized to the lifetime of ref. [3], agreed quite well with HS. 
There was no indication of energy level or intensity dependent trends 
between the two sets of data, and 76 percent of the I-values for 
common lines agreed within 25 percent. The only serious disagree
ments occurred for three lines-the 3674.15 A line, which is 
blended with a line at 3674.06 A; and the 3973.56 A and 3200.42 
A lines, which are both quite weak. Only one other source-the 
experiment by Bell et al. [6], who measured relative I-values in 
emission with a wall-stabilized arc-agreed consistently with HS. 

J. PhY5. Chern. Ref. Data, Vol. 10, No.2, 1981 

Wavelength (A) No. Wavelength (A) No. 

5514.80 111 6384.70 117 
5578.73 90 6421.51 119 
5642.66 112 6482.81 95 
5664.02 122 6643.64 86 
5709.56 89 6767.78 91. 
5847.01 87 7001.57 94 
6108.12 88 7062.97 94 
6176.81 115 7197.07 92 
6230.12 114 7261.94 92 
6256.37 86 7291.48 93 
6314.67 96 7414.51 92 
6327.60 87 7714.27 92 
6364.60 96 7788.95 92 

The data of Bell et al. exhibited very little scatter ( ± 0.07 dex), no 
trends, and only a slight difference in scale from that of HS. How
ever, we did not use ref. [6] in this compilation, because aU lines 
tabulated by these authors were also measured ~y HS. 

In evaluating the data for this spectrum, we compared four other 
SOl1Tr.es-Heise [7], holy et a1. [R], Moity [9], :mtl P~Tr.hp.vslcil ~nd 

Penkin [10]-to HS. Hei~e's data showed a very serious intensity 
dependent trend, indicating his log gf-values to be too high for weak 
lines. This result is amilogous to a similar problem observed in the 
case of Ti I, where the log gf-values of Klemt [11], who used the 
same apparatus as Heise, were also shown to be systematically too 
great for weak lines. Oscillator strengths for lines tabulated in the 
other three data sources, refs. [8-10], were essentially covered by 
HS. Also, the scatter between these sources and HS was greater than 
that exhibited by Lennard et aI. or by Bellet aI., and we have 
therefore omitted refs. [8-10] from this compilation . 

Our accuracy ratings for the data of HS directly reflect their own 
uncertainty estimates. Factors considered include the uncertainty in 
the absolute scale as given by Becker et aI., plus uncertainties in the 
relative scale, which depend primarily upon (a) distances between 
line and hook and (b) the number of measurements taken. We feel 
that the data of Lennard et aI., when ~ormalized to the lifetimes of 
ref. [3], are generally accurate to within 25 percent, except for very 
weak lines, i.e., those lines having log gf-values less than -1.5. We 
have, however, not tabulated the more accurate data of ref. [2], 
because the same strong lines were already covered by HS. Lennard 
et a1. have also provided transition probabilities for lines arising from 

high-lying upper levels not measured. by Becker et al. Thus we had 
to rely on the somewhat less accurate beam-foil lifetimes of ref. [2] 
for the absolute scale in these cases, and we have lowered the 
accuracy ratings accordingly. 
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Note Added in Proof . 

New lifetime data by U. Becker, H. Kerkhoff, M. Schmidt, and 
P. Zimmermann [J. Quant. Spectrosc. Radiat. Transfer 25, 339 

(1981)], obtained with the delayed coincidence technique using 
selective dye laser excitation, closely confirm our adopted scale~ The 
lifetimes for all eleven levels measured by them can be compared to 
branching ratio data taken from the Huber and Sandeman [lJ 
results. ·This comparison yields agreement within' 1 0 percent .for ten 
levels and within 5 percent for nine levels. 

Earlier in this introduction, :we ·noted some disagreement (a. 26 
percent difference) between the branching ratios of Huber and Sand· 
eman and lifetimes of Heldt et a1. for the z lG?level. Forthis level, 
the new results of Becker et a1. support the data of HS-the 
agreement is within 7 percent. 

Ni I: Allowed transitions 

No. Multiplet X(A) f..~(cm-I) l!.~(Cm-l) gi gk Ak;(IO· S-I) f;k Slat. u.) log gf Accuracy Source 

1. a :IF - z 5Do 

(1) 

3946.18 1332.2 26666 7 7 2.1(-6)" 4.8(-7) 4.4(-5) -5.47 c- 1 
3749.05 0.0 26666 9 7 2.7(-4) 4.4(-5) 0.0049 ~3.40 c- 1 

3832.87 1332.2 27415 7 5 2.0(-4) 3.1(-5) 0.0028 -3.66 c- 1 
3885.87 2216.5 27944 5 3 4;](-5) 5.5(-6) 3.5(-4) -4.56 C 1 

4093.62 1332.2 25754 7 9 9.0(-7) 2.9(-7) 2.8(-5) -5.69 C 1 

2. a :iF - z sCo 

(2) 

3624,73 0.0 27580 9 II 0.0015 3.7(-4) 0.040 -2.48 c- 1 
3739.23 1332.2 28068 7 9 0.0024 6.4(-4) 0.055 -2.35 E I 
3561.75 0.0 28068 9 9 0.0012 2:3(-4) 0.024 . -2.69 C- 1 
3669.24 1332.2 28578 7 '7 0.0037 7.5(-4) 0.063 -2.28 E I , 
3498.19 0.0 28578 9 7 1.l(-5) 1.6(-6) 1.7(-4) -4.84 c- 1 

3. a :<F - z 5Fo 

(3) 

3502.60 0.0 28542 9 11 8.6(-4) 1.9(-4) 0.020 -2.76 0 1 
3602.28 1332.2 29084 7 9 0.0040 0.0010 0.084 -2.15 0 1 
3437.28 0.0 29084 9 9 0.041 0.0072 0.73 -1.19 C 1 
3507.69 1332.2 29833 7 7 0.0027 5.0(-4) 0.040 -2.46 0 I 
3467.50 1332.2 30163 7 5 0.011 0.0014 0.11 -2.00 C I 

4. a :<F - Z :<po 

(4) 

3070.43 1332.2 28509 1 ;, 0.OU51) 1).4(-4) 0.071 ~2.23 E 1 
3664.10 2216.5 29501 5 3 0.019 0.0022 0.14 -1.95 0- 1 
~793.61 2216.5 28569 5 5 0.0015 3.2(-4) 0.020 -2.80 E 2n 

:i- II ~1" _ >: 31"0 31/.80.0 971.8 29699 21 21 0.062 0.011 2.7 -0.63 C 1,2n 
(5) 

3391.05 0.0 29481 9 9 0.055 0.0095 0.95 -1;07 C 1 
3571.87 1332.2 29321 7 7 0.052 0.0099 0.81 .,..1.16 c+ 1 
3519.77 2216.5 30619 5 5 0.041 0;0076 0.44 -1.42 C 1 
3409.58 0.0 29321 9 7 0.0032 'U(--4) 0.044 -2.41 c 1 
3413.48 1332.2 30619 7 5 0.038 0.0047 0.37 -1.48 C 1 
3551.53 1332.2 29481 7 9 0:0016 :~.9(--4) 0.032 -2.56 E 2n 
3688.42 2216.5 29321 5 7 0.0054 O.OO)ll 0.094 -2.11 F: 1 

6. a 3F - Z :100 

(6) 

3369.57 0.0 29669 9 7 0.17 0.O2;~ 2.:1 -0.69 C 1 
3500.85 1332.2 29889 7 5 0.056 o.oon 0.59 -1.29' C 1 
3483.77 2216.5 30913 5 3 0.14 0.0)6 0.89 -1.11 C 1 
3527.98 1332.2 29669 7 7 0.0043 8.0(-4) 0.065 -2.25 D- 1 
3612.74 2216.5 29889 5 5 0.042 0.0081 0.48 -1.39 C 1 
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Ni I: Allowed transitions-Continued 

No. Multiplet X(A) f.,:(cm- I ) f.,~(cm-I) gi gk Aki (l08 5-') fik S(at. u.) log gf Accuracy Source 

7. a :~F - z :~Co 

(7) 

3232.96 0.0 30923 9 II 0.053 0.010 0.97 -1.04 C 1 
3371.99 1332.2 30980 7 9 0.026 0.0057 0.44 -1.40 C 1 
3380.89 2216.5 31786 5 7· 0.038 0.0091 0.51 -1.34 C 1 
;s~~().':Jtl U.U JUI)HU 9 I) 0.0023 3.5(-4) 0.034 -2.50 0 1 
3282.70 ·1332.2 31786 7 7 0.0044 7.2(-4) 0.054 -2.30 D 1 

8. a :iF - Z IFo 

(8) 

3221.65 0.0 31031 9 7 0.012 0.0014 0.13 -1.90 C 1 
3366.17 1332.2 31031 7 7 0.033 0.0057 0.44 -1.40 D 1 
~d.nQ d.Q 29165 31031 5 7 0.013 0.0032 O.IS -l.SO C I 

9. a :iF - Z 100 

(9) 

3320.26 1332.2 31442 7 5 0.048 0.0057 0.44 -1.40 ·C I 
3420.74 2216.5 31442 5 5 0.0011 2.0(-4) 0.Dl1 -3.00 E 2n 

10. a .IF - z Ipo 

(10) 

3249.44 2216.5 32982 5 3 0.0084 8.0(-4) 0.043 -2.40 D- 1 

II. a :iF:- y :iFo 

(11) 

3031.87 0.0 32973 9 9 0.012 0.0016 0.15 -1.83 C I 
3145.72 1~32.2 ~~ll? 7 7 00071 00011 0077 -?13 D 1 

3184.37 2216.5 33611 5 5 0.013 0.0020 0.11 -1.99 D- I 
3019.14 0.0 33112 9 7 0.048 0.0051 0.45 -1.34 C 1 
3097.12 1332.2 33611 7 5 0.047 0.0048 0.35 -1.47 C I 

12. a :iF _ y :iDo 

(12) 

2984.13 0.0 33501 9 7 0.036 0.0038 0.33 -1.47 0- I 
3045.01 1332.2 34163 7 5 0.024 0.0024 0.17 -1.77 0- 1 

3105.47 2216.5 34409 5 3 0.068 0.0059 0.30 -1.53 D- 1 
3129.31 2216.5 34163 5 5 0.0053 7.8(-4) 0.040 -2.41 E 1 
3195.57 2216.5 33501 5 7 0.0041 8.7(-4) 0.046 -2.36 E 1 

13. a :iF - Z ICO 

(13) 

3099.12 1332.2 33590 7 9 0.020 0.0038 0.27 -1.58 E I 

14. a ;'F - y IFo 

(uv 1) 

2805.08 0.0 35639 9 7 0.0059 5.4(-4) 0.045 -2.31 D- 1 
2914.01 1332.2 35639 7 7 0.0040 5.1(-4) 0.034 -2.45 E 1 

. 15. a :iF - y IDo 

(uv 2) 

2834.55 1332.2 36601 7 5 0.0079 6.8(-4) 0.045 -2.32 E I 

2907.46 2216.5 36601 5 5 0.Ql8 0.0022 0.11 -1.95 D I 

16. a :iF - 1° 

(uv 3) 

2476.88 0.0 40361 9 7 0.026 0.0018 0.14 -1.78 C 1 

2561.42 1332.2 40361 7 7 0.0037 3.7(-4) 0.022 -2.59 D- 1 
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Ni I: Allowed transitions-Continued 

No. Multiplet A(A) r..i(cm- I
) r..i(cm-') g; :gk Aki(108 8 -:-"1) fik S(at.u.) loggf Accuracy Source 

lJ. . a '~F - 20 

(uv 4) 

2553.37 1332.2 40484 7 5 0.0060 4.2(-4) 0.025 -2.53 D- 1 

18. a 3F - X ':'Fo 

(uv 5) "-

2347.51 0.0 42585 9 9 0.22 0.018 1.3 -0.78 D- '.- 1 
2289.98 0;0 ' 43655? 9 7 2.1 0.13 8.7 0.06 C 1 

19. Ii 3F - x'~Do 

(uv 6) 

2345.54 0.0 42621' 9 7 2.2 0.14 9 .. 9 0.11 C 1 

20. a ~F - Y :lpO 

(uv 7) 

2419.31 1332.2 42654 7 5 0.20 0.012 ' 0.69 -1.06 E 1 

2l. a :'F -:-" IV :'Do -

(uv H) 

2317.16 1332.2 44475 7 5 3.8 0.22 12 0.18 C 1 
2329.96 2216.5 45122 5 3 5.3 0.26 9.9 ~.ll C 1 

22. a 3F - r ~Go ' 
(uv 9) 

2320;03 0.0 43090 9 11 6.9 0.69 47 0.79 C 1 
2325.79 1332.2 44315 7 9 3.5 0.37 20 0.41 C 1 
2321.38 2216.5 45281 5 7' 5.6 0.63 24 0.50 E 1 
2274.66 1332.2 45281 7 7 0.052 0.0040 0.21 -1.55 D-: 1 

23; a =>F· - IV 3Fo 
(uv 10) 

2312.34 1332.2 44565 7 7 5.5 0.44 24 0.49 C 1 
2313.98 2216.5 45419 5 5 5.0 0.40 15 0.30 E 1 
2267.55 1332,2 45419 7 5 0.080 0.0044 0.23 ~1.51 D- 1 

24. a 'F - x IDo 

(uv 12) 

2346.63 1332.2 43933 7 5 0.55 0.033 L8 -0.64 D- 1 

25. a ~F - x IFo 
(uv 13) 

2201.42 U.U 44~Uo 9 T 0.091 0.0054 0.36 -LSI C 1 

26. Ii. :'F - 30 

(uv 14) 

2254.81 0.0 44336 9 9 0.096 0.0073 0.49 -1.18 C 1 
2324.65 1332.2 44336 7 9 0.18 0.019 1.0 -0.88 D- 1 

27. a .IF - x 3pO 

(uv 15) 

I 
2212.15 1332.2 46523 7 fi 0.059 O.OO:~I 0.16 -1.67 0- 1 
2221.94 2216.5 47208 5 3 0.22 0.0096 0.35 -1.32 0 1 
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Ni I: Allowed transitions-Continued 

No. Multiplet X(A) f.~(cm-l) f.~(Cm-l) gi gk Aki(lO· S-I) tk S(at. u.) log gf Accuracy Source 

28. a :IF - V :IDo 

(uv 16) 

2125.62 0.0 47030 9 7 0.051 0.0027 0.17 -1.62 C 1 
2182.38 1332.2 47139 7 5 0.13 0.0068 0.34 -1.32 C 1 

29. a "F - v "Fu 

(uv 17) 

2052.04 0.0 48715 9 9 0.097 0.0061 0.37 -1.26 C 1 
2111.73 1332.2 48672 7 7 0.065 0.0043 0.21 -1.52 C 1 
2053.91 0.0 48672 9 7 0.0075 3.7(-4) 0.022 -2.48 D 1 
2052.45 1332.2 50039 7 5 0.032 0.0014 0.068 -2.00 C 1 
2109.79 1332.2 48715 7 9 0.015 0.0013 0.063 -2.04 C 1 
2151.93 2216.5 48672 5 7 0.032 0.0031 0.11 -1.81 C 1 

30. a :'F - u :lDo I 
(uv 19) 

2026.62 0.0 49328 9 7 0.24 0.012 0.70 -0.98 C 1 
2089.09 1332.2 49185 7 5 0.097 0.0045 0.22 -1.50 D 1 
2055.50 2216.5 50851 5 3 0.33 0.013 0.43 -1.20 C 1 
2082.87 1332.2 49328 7 7 0.085 0.0056 0.27 -1.41 C 1 
2128.41 2216.5 49185 5 5 0.056 0.0038 0.13 -1.72 C 1 

31. a :IF - W IFo 

(uv 20) 

1994.29 0.0 50143 9 7 0.057 0.0027 0.16 -1.62 C I 

32. a :IF - w IDo 

(uv 22) 

2025.40 1332.2 50689 7 5 0.23 0.010 0.47 -1.15 D- 1 
2062.37 2216.5 50689 5 5 0.046 0.0030 0.10 -1.83 E 1 

33. a :'F - U :'Fo 

(uv 23) 

1968.90 0.0 50790 9 9 0.045 0.0026 0.15 -1.63 C 1 
2007.69 1332.2 51125 7 7 0.090 0.0054 0.25 -1.42 C 1 

34. a :lD - z sDo 
(15) 

3674.06 204.8 27415 7 5 0.0027 3.8(-4) 0.033 -2.57 D- I 

35. a :lD - z 'Co 
(16) 

3587.93 204.8 28068 7 9 0.0024 6.0(-4) 0.049 -2.38 C 1 

3609.31 879.8 28578 5 7 0.0054 0.0015 0.088 -2.13 C 1 

3523.44 204.8 28578 7 7 0.0033 6.1(-4) 0.049 -2.37 E 1 

36. a :lD - z 'Fo 
(17) 

3461.65 204.8 29084 7 9 0.27 0.062 5.0 -0.36 C+ 1 
3452.89 879.8 29833 5 7 0.098 0.025 1.4 -0.91 C+ 1 

3513.93 1713.1 30163 3 5 0,Ol1 0.0033 0.11 -2.01 C- 1 
3374.22 204.8 29833 7 7 0.015 0.0025 0.19 -1.76 C 1 

3485.89 1713.1 30392 3 3 0.012 0.0021 0.072 -2.20 C 1 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 517 
Ni J: Allowed transitions-Continued 

No. Multiplet X(A) t.:(crn- I) Edcrn- I) gi gk Ali (108 
S-I) j.k 5 (at. u.) log gf Accuracy Source 

37. a :iO - z :ipO 3529.0 731.5 29060 15 9 1.1 0.13 22 0.28 C 1 
(18) 

3524.54 204.8 28569 7 5 1.0 0.13 11 -0.03 C 1 

3492.96 879.8 29501 5 3 0.98 CUI 6.2 -0.27 C+ 1 

3510.34 1713.1 30192 3 1 1.2 0.071 2.5 -0.67 C+ 1 
3610.46 879.8 28569 5 5 0.072 0.014 0.84 -1.15 C+ 1 

3597.71 1713.1 29501 3 3 0.14 0.028 0.99 -1.08 C 1 

3722.48 1713.1 28569 3 5 0.0059 0.0021 0.076 -2.21 E 1 

38. a :ID - Z :IFo 3451.2 731.5 29699 15 21 0.61 0.15 26 0.36 C 1 

(19) 

3111.77 201.8 29181 7 9 0.55 0.12 9.8 -0.06 C 1 

3515.05 879.8 29321 5 7 0.44 0.12 6.7 -0.24 C 1 

3458.47 1713.1 30619 3 5 0.61 0.18 6.3 -0.26 C+ 1 
3433.56 204.8 29321 7 7 0.17 0.031 2.4 -0.67 C+ 1 
3361.56 879.8 30619 5 5 0~045 0.0076 0.42 -1.42 C I 
3286.95 204.8 30619 7 5 0.0039 4.5(-4) 0.034 -2.50 C I 

39. a :10 - Z :100 

(20) 

3392.99 204.8 29669 7 7 0.24 0.041 3.2 -0.54 C+ I 
3446.26 879.8 29889 5 5 0.44 0.078 4.4 -0.41 C+ 1 
3423.71 1713.1 30913 3 3 0.35 0.062 2.1 -0.73 C I 
3367.89 204.8 29889 7 5 0.0026 3.2(-4) 0.025 -2.65 E 1 
3472.55 879.8 29669 5 7 0.12 0.031 1.8 -0.81 C+ 1 

40. a :iO - Z :IG O 

(21) 

3248.46 204.8 30980 7 9 0.0047 9.7(-4) 0.072 -2.17 C 1 
3234.65 879.8 31786 5 7 0.020 0.0044 0.23 -1.66 C I 

41. a :10 - Z IFo 

(22) 

3243.06 204.8 31031 7 7 0.049 0.0077 0.S7 -1.27 C I 
3315.66 879.8 31031 5 7 0.053 0.012 0.67 -1.21 C+ I 

42. a 30 - Z 100 

(23) 

3200.42 204.8 31442 7 5 0.0032 3.5(-4) 0.026 -2.61 E 1 
3271.12 879.8 31442 5 5 0.0072 0.0012 0.062 -2.24 C I 
3362.81 1713.1 31442 3 5 0.0011 3.1(-4) 0.010 -3.03 E 211 

43. a :iO - Z Ipo 

(24) 

3114.12 879.8 32982 5 3 0.069 0.0060 0.31 -1.52 C I 
3197.11 1713.1 32982 3 3 0.040 0.0061 0.19 -1.71 C I 

44. a :10 - y :'Fo 3081.8 731.5 33171 15 21 0.86 0.17 26 OAI I) 1 
(25) 

3050.82 204.8 32973 7 9 0.59 0.11 7.·~ n.n 1)- I 
3101.55 879.8 33112 5 7 o.n 0.1·' ~ ... , 0.11 C 1 
3134.11 1713.1 33611 :{ S 0.71 fI.I',' :'.·1 O.~B C I 
3037.94 204.8 33112 7 7 (U~ 0.1)·'·1 

I 

:L1 --o.!> I C I 
3054.32 879.8 :B61 I ;) ;. (U·I n.II·IH :2A ---0.62 ])- 1 
2992.60 204.8 :n611 7 ;) 11.10 ().()O')') O.()B -1.16 D- 1 
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518 FUHR ET AL. 

Ni I: Allowed transitions-Continued 

No. Multiplet MA) Ei(cm- I
) Edcm- I

) gi gk Aki (l0· S -I) J;k 5(at. u.) loggf Accuracy Source 

45. a 30 - Y :iOO 3013.8 731.5 33903 15 15 1.0 0.14 21 0.33 0 1 
(uv 24) 

3002.48 204.8 33501 7 7 0.92 0.12 8.6 -0.06 0- 1 
3003.62 879.8 34163 5 5 0.69 0.094 4.6 -0.33 0- 1 
3057.64 1713.1 34409 3 3 1.0 0.14 4.3 -0.37 0- 1 
2943.91 204.8 34163 7 5 0.11 0.0099 0.67 -1.16 C 1 
2981.65 879.8 34409 5 3 0.29 0.023 1.2 -0.93 0- I 
3064.62 879.8 33501 5 7 0.075 O.oI5 0.75 -1.13 C 1 
3080.75 1713.1 34163 3 5 0.093 0.022 0.67 -1.18 C 1 

46. a :iO - Z leo 

'(27) 

2994.46 204.8 33590 7 9 0.097 0.017 1.2 -0.93 0- 1 

47. a aO _ y Iro 

(uv 25) 

2821.29 204J~ ~!l6~<) 7 7 OOI1R 000S7 0.37 -1.40 C 1 

48. a :10 _ y 10° 

(uv 26) 

2746.74 204.8 36601 7 5 0.016 0.0013 0.082 -2.04 C 1 
2798.65 879.8 36601 5 5 0.055 0.0065 0.30 -1.49 C 1 
2865.50 1713.1 36601 3 5 0.018 0.0037 0.10 -1.96 0- I 

49. a :10 - X :irO 

(uv 29) 

2300.77 204.8 43655? 7 7 0.75 0.060 3.2 -0.38 C 1 

50. a :iO - W :iOO 

(uv 32) 

2348.73 204.8 42768 7 7 0.22 0.018 0.97 -0.90 E 1 
2293.11 879.8 44475 5 5 0.38 0.030 1.1 -0.82 C 1 
2302.97 1713.1 45122 3 3 0.45 0.036 0.81 -0.97 C 1 
2258.15 204.8 44475 7 5 0.17 0.0094 0.49 -1.18 C 1 
2259.56 879.8 45122 5 3 0.20 0.0091 0.34 -1.34 C 1 

51. a :10 - y :ICO 

(uv 33) 

2266.35 204.8 44315 7 9 0.023 0.0023 0.12 -1.80 0- 1 
2251.48 879.8 45281 5 7 0.040 0.0043 0.16 -1.67 0 1 

52. a ;10 - W :Iro 

(uv 34) 

2288.40 879.8 44565 5 7 0.081 0.0089 0.34 -1.35 0- 1 
2287.32 1713.1 45419 3 5 0.18 0.024 0.55 -1.14 0- 1 
2253.57 204.8 44565 7 7 0.19 0.015 0.76 -0.99 C 1 
2244.46 879.8 45419 5 5 0.38 0.029 1.1 -0.84 C 1 

53. a :10 - X Iro 

(uv 35) 

I 
2271.95 204.8 44206 7 7 0.050 0.0038 0.20 -1.57 C 1 
2307.35 879.8 44206 5 7 0.16 0.017 0.66 -1.06 C 1 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 519 

Ni I: Allowed transitions-Continued 

No. Multiplet A(A) E;(cm- I) f..~(cm-I) . gi gk Aki(lO" S-I) [;t S(at. u.) log gf Accuracy Source 

54. a "0 - X :lpO 2166:2 731.5 1-6881 15 9 1.1 0.046 4.9 -0.16 C 1 
(uv 36) 

2158.31 204.8 46523 7 5· 0.69 0.034 1.7 -0.62 C 1 

2157.83 879.8 47208 5 3 0.41 0.017 0.60 -1.07 C 1 

2174.48 1713.1 47687? 3 1 0.89 0.021 0.45 -1.20 E 1 

2190.22 879.8 46523 5 5 0.30. 0.021 0.77 -0.97 C 1 

2197.35 1713.1 . 47208 3 3 0.78 0.057 1.2 -0.77 C 1 
2230.96 1713.1 46523 3 5 0.052 0.0065 0.14 -1.71 E I 

55. a :10 - I' :100 

(uv 37) 

2161.04 879.8 47139 5 5 0.13 0.0089 0.32 -1.35 C 1 

2129.96 204.8 47139 7 .5 0.042 0.0020 0.099 -1.85 C 1 
2147.80 879.8 4742.5 5 3 0.47 0.020 0.69 -1.01 C 1 
2166.15 879.8 47030 5 7 0.066 0.0065 0.23 -1.49 C 1 
2220.71 1713.1 47139 3 5 0.082 0.010 0.22 -1.52 C 1 

56. a :10 - 40 

(uv 38) 

2121.40 204.8 47329 7 5 0.28 0.014 0.67 -1.02 C 1 
2152.23 879.8 47329 5 5 0.032 0.0022 0.078 -1.96 C 1 

57. a :10 - t' :lFo 

(uv 39) 

2033.56 879.8 50039 5 5 0.030 0.0019 0.062 -2.03 0- 1 

58. a :10 - W "po 

(uv 40) 

2059.92 204.8 48735 7 5 0.21 0.0097 0.46 -1.17 0- 1 
2060.20 879.8 49403 5 3 0.23 0.0087 0.30 -1.36 E 1 
2064.39 1713.1 50139 3 1 0.40 0.0086 0.17 -1.59 D- I 
2088.98 879.8 48735 5 5 0.042 0.0028 0.095 -1.86 0- 1 

59. a :10 - 50 

(uv 41) 

2085.37 879.8 48818 5 3 0.077 0.0030 0.10 -1.82 C 1 

60. a :10'- 60 

(uv 42) 

2047.35 204.8 49033 7 7 0.13 0.0082 0.39 -1.24 C I 

61. u :ID - u "DO 

(uv 43) 

2069.52 879.8 49185 5 5 0.11 0.0071 0.24 -1.45 1)- I 
2000.1-9 879.8 50851 5 3 0.051 0.0020 0.061 -2.01 C I 

2063.42 879.8 49328 5 7 0.050 0.0045 0.15 -1.65 p- I 
2105.85 1713.1 49185 3 5 0.030 0.0033 0.069 -2.00 C I 

62. a :10 - W IFo 

(uv 44) 

2001.83 204.8 50143 7 7 0.073 0'()014 0.20 1.:'1 C I 
2029.29 879.8 50143 5 7 0.023 o.oo:w O.()h:, 2.01 C I 

63. a :10 - x IpO 

I 

(uv 45) 

2050.84 17U.1 504SB :~ :1 O.07e! O.()()4B (u)'m -- I.B1 I~ I 
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520 FUHR ET AL. 

Ni I: Allowed transitions-Continued 

No. . Multiplet A(A) n:(cm- I) f.~(cm-I) gi g, A'i(l08 S-I) t • Seat. u.) log gf Accuracy Source 

64. a :iD - W IDo 

(uv 46) 

2007.01 879.8 50689 5 5 0.17 0.010 0.35 -1.28 C 1 
2041.16 1713.1 50689 3 5 0.032 0.0033 0.067 -2.00 D- 1 

65. a ;iD - U .1Fo 

(uv 47) 

1976.87 204.8 50790 7 9 1.1 0.080 3.7 -0.25 C 1 
1990.25 879.8 51125 5 7 0.83 0.069 2.3 -0.46 C 1 
2014.25 1713.1 51344 3 5 0.93 0.094 1.9 -0.55 C 1 
1963.85 204.8 51125 7 7 0.11 0.0064· 0.29 -1.35 C 1 
1981.61 879.8 51344 5 5 0.13 0.0078 0.25 -1.41 C 1 

66. a 'D - z 'Fo 

(30) 

3783.53 3409.9 29833 5 7 0.033 0.0098 0.61 -1.31 C 1 
3736.81 3409.9 30163 5 5 0.014 0.0029 0.18 -1.84 E 1 

67. a ID - z :lpo 

(31) 

3973.56 3409.9 28569 5 5 0.0074 0.0017 0.11 -2.06 E 1 
3831.69 3409.9 29501 5 3 0.015 0.0020 0.13 -2.00 C 1 

68. a ID - Z :iFo 

(32) 

3858.30 3409.9 29321 5 7 0.069 0.021 1.4 -0.97 C 1 
3674.15 3409.9 30619 5 5 0.0084 0.0017 0.10 -2.07 E 1 

69. a ID - Z :iDo 

(33) 

3807.14 3409.9 29669 5 7 0.043 0.013 0.83 -1.18 C 1 
3775.57 3409.9 29889 5 5 0.042 0.0089 0.56 -1.35 C 1 

70. a ID - Z Iro 3619.39 3409.9 31031 5 7 0.73 0.20 12 0.00 C 1 
(35) 

71. a ID - z IDo 3566.37 3409.9 31442 5 5 0.56 0.11 6.3 -0.27 C 1 
(36) 

72. a ID - z Ipo 3380.57 3409.9 32982 5 3 1.2 0.12 6.7 -0.22 C I 
(37) 

73. a ID _ Y :lro 

(38) 

3365.77 3409.9 33112 5 7 0.048 0.012 0.64 -1.24 C 1 

74. a ID _ Y :iDo 

(39) 

3322.31 3409.9 33501 5 7 0.043 0.010 0.55 -1.30 D I 
3250.74 3409.9 34163 5 5 0.025 0.0040 0.21 -1.70 D 1 
3225.02 3409.9 34409 5 3 ·0.11 0.010 0.53 -1.30 C 1 

75. a ID y IFo 3101.BB 3109.9 35639 5 7 0.49 0.098 S.O -(\?l r. 1 
(40) 

76. a In - y IDo 3012.00 3409.9 36601 5 5 1.5 0.20 9.9 0.00 C 1 
(41) 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 521 

Ni I: Allowed transitions-Continued 

No. Multiplet X(A.) A: (cm- I ) Edcm- I ) gi gk Ahi(lO' S-I) It S(at. u.) log gf Accuracy Source 

77. a 10 - 2° 

(uv 49) 

2696.48 3409.9 40484 5 5 0.014 0.0015 0.067 -2.12 0- 1 

78. a 10 - W ;100 

(uv 53) 

2540.02 3409.9 42768 5 7 0.026 0.0035 0.15 -1.76 0- 1 

79. a 10 - W ;lpO 

(uv 59) 

2173.54 3409.9 49403 5 3 0.15 0.0065 0.23 -1.49 E 1 

80. a 10 - 5° 

(uv 60) 

2201.59 3409.9 48818 5 3 0.73 0.032 1.1 -0.80 C 1 

81. a 10 - 60 

(uv 61) 

2191.21 3409.9 49033 5 7 0.033 0.0033 0.12 -1.78 E I 

82. alO - u ·~Oo 

(uv 62) 

2183.91 3409.9 49185 5 5 0.12 0.0089 0.32 -1.35 0 1 

83. a 10 - X Ipo 2124.80 3409.9 50458 5 3 0.38 0.016 0.54 -1.l1 C I 
(uv 63) 

84. a 10 - W 100 2114.43 3409.9 50689 5 5 0.097 0.0065 0.23 -1.49 C 1 
(uv 64) 

85. a 10 - U 3rO 

(uv 65) 

2095.13 3409.9 51125 5 7 O.ll 0.010 0.35 -1.30 E 1 
2085.57 3409.9 51344 5 5 2.6 0.17 5.8 -0.07 0- 1 

06. II ID _ ;; ;Ipn 

(43) 

6643.64 13521 28569 5 5 0.0015 9.9(-4) 0.11 -2.30 0 2n 
6256.37 13521 29501 5 3 0.0019 6.7(-1) 0.069 -2.48 D 2fl 

87. b 10 - Z :iro 

(44) 

6327.60 13521 29321 5 7 1.7(-4) 1.4(-4) 0.Ql5 -3.15 E 211 

5847.01 13521 30619 5 5 1.3(-4) 6.7(-5) 0.0064 -:~.48 E 211 

88. b 10 - .i ;10° 
(45) 

6108.12 13521 29889 5 5 6.8(-4) :U~(-4) o.o:w :~. -/ 2 I-: 211 

89. b 10 - Z Iro 5709.56 1:~521 31031 S 7 O.()OI2 B.:~( '\.) 0.0','7 :!.:\'j II 211 

(46) 

90. b 10 - Z 100 5578.73 1:152] :{)442 S ;) :'.i'(' 4) 2.7( ,t) 0.02·1 --:UIB E 211 
(47) 
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522 FUHR ET AL. 

Ni I: Allowed transitions-Continued 

No. Multiplet A(A) E;(cm- I
) Ek(cm- I) gi gk 

A
ki

( 108 S-I) h S(at. u.) log gf Accuracy Source 

9l. a IS - Z :lpO 

(57) 

6767.78 14729 29S01 1 3 0.0033 0.0068 0.15 -2.17 D 2n 

92. a :!p - Z :Ipo 

(62) 

7714.27 15610 28569 5 5 0.0014 0.0012 0.16 -2.20 D 2n 
7261.94 15734 29501 3 3 8.4(-4) 6.6(-4) 0.048 -2.70 E 2n 
7197.07 15610 29501 5 3 9.0(-4) 4.2(-4) 0.050 -2.68 E 2n 
7788.95 15734 28569 3 5 8.4(-4) 0.0013 0.098 -2.42 D 2n 
7414.51 16017 29S01 1 3 0.0011 0.0027 0.066 -2.S7 E 2n 

93. a :!P - Z :!FO 

(63) 

7291.48 IS610 29321 5 7 3.0(-4) 3.3(-4) 0.040 -2.78 E 2n 

0.1-. a ;lp _ :: ;IDO 

(64) 

7062.97 15734 29889 3 5 8.4(-5) 1.0(-4) 0.0073 -3.S0 E 2n 
7001.57 15610 29889 5 5 5.9(-5) 4.3(-5) 0.0050 -3.66 E 2n 

95. a :lp - Z IFo 

(66) 

M8~.81 1:'01U 31031 :, .( ::'.::S(-4) 4:/(-4) U.U::'U -~.M E ~n 

96. a ;\p - z IDo 

(67) 

6314.67 15610 31442 5 5 0.0057 0.0034 0.35 -1.77 D 2n 
6364.60 15734 31442 3 5 3.5(-5) 3.5(-5) . 0.0022 -3.97 E 2n 

97. z sDo - e sF 

(86) 

4401.55 25754 48467 9 11 0.38 0.13 18 0.08 D 2 
I' 

98. z seo - e "F 
(98) 

4714.42 27261 48467 13 II 0.46 0.13 26 0.23 D 2 
4786.54 27580 48467 II 11 0.18 0.062 11 -0.17 D 2 

4900.97 28068 48467 9 II O.OOSO 0.0022 0.32 -1.70 E 2 

99. z seo - e :le 

(99) 

4740.17 28068 49159 9 11 0.0034 0.0014 0.20 -1.90 E 2 

4633.03 27580 49159 11 11 7.7(-4) 2.5(-4) 0.042 -2.56 E 2 

100. ;z; sFo - " SF 

(Ill) 

5017.59 28542 48467 II II 0.20 0.075 14 -0.08 D 2 

5157.99 29084 48467 9 11 0.0059 0.0029 0.44 -1.59 E 2 

101. z sro - e :Ie 

(lI2) 

49HO.16 290H4 49151) I) 11 0.11} 0.080 13 -0.11 D 2 

102. z 'ro - e ;!p 

5262.83 30163 49159 5 5 5.7(-4) 2.4(-4) 0.021 -29:l F. 2 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 523 

Ni I: Allowed transitions-Continued 

No. Multiplet X(A) E;(cm- I) f..~(cm-I) g; g. AdIOS S-I) h S(at. u.) loggf Accuracy Source 

103. z :lpo - e :Ip 

(130) 

4855.41 28569 49159 5 5 0.57 0.20 16 0.00 D 2 
5085.48 29501 49159 3 5 0.017 0.011 0.55 -1.48 E 2 

104. z :lrO_ e sr 

(141) 

5265.75 29481 48467 9 11 0.0037 0.0019 0.29 -1.77 E 2 

105. z :IFo - e ;Ip 

(142) 

5039.36 29321 49159 7 5 Om7 0.010 1.2 -U5 E 2 

106. z :IFo - e :Ie 

(143) 

5080.52 29481 49159 9 II 0.32 0.15 23 0.13 D 2 

107. z 3Fo _ g ;iF 

(150) 

4009.98 29321 54251 7 7 0.0085 0.0020 0.19 -1.84 E 2 
4035.96 29481 54251 9 7 0.0048 9.1(-4) 0.11 -2.09 E 2 

108. z "DO - e "p 

(159) 

5129.38 29669 49159 7 5 0.12 0.034 4.0 -0.63 D 2 
5197.96 20S90 40150 5 .<; Ofl061 flOO?S 0.21 -IJll F. 2 

109. z leo - e :ie 

(176) 

5499.39 30980 49159 9 11 6.2(-4) 3.4(-4) 0.056 -2.51 E 2 

110. z 3eO _ g 3F 

(178) 

4295.89 30980 54251 9 7 0.17 0.037 4.7 -0.48 D 2 
4450.13 31786 54251 7 7 0.0081 0.0024 0.25 -1.77 E 2 

Ill. z IF" - e :ip 

(189) 

5514.80 31031 49159 7 5 0.0045 0.0015 0.19 -1.99 E 2 

112. z 10° - e ;ip 

(203) 

5642.66 31442 49159 5 5 0.0040 0.0019 0.18 -2.02 E 2 

113. z 100 - g:IF 

4382.87 31442 54251 5 7 oms 0.0060 0.44 -1.52 E 2 

114. Y 3Fo _ e :lp 

(227) 

6230.12 33112 49159 7 5 0.019 0.0079 J.l 1.2() E 2 

115. Y .1ro _ e 3e 

(228) 

6176.81 32973 491S9 9 II O.()·1-7 O.O:l:l 11.0 -O.S:~ D 2 
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524 FUHR ET AL. 

Ni I: Allowed transitions-Continued 

I 
A(A) E;(cm- 1

) Ek(cm- 1
) Ab(1O" S-I) No. Multiplet gi gt f,k S(at. u.) log gf Accuracy Source 

116. y 3Fo -g :!F 

(235) 

4729.29 33112 54251 7 7 0.027 0.0091 0.99 -.1.20 E 2 
4698.41· 32973 54251 9 7 0.062 0.016 2.2 -0.84 D 2 
4843.53 33611 54251 5 7 0.044 0.022 1.7 -0.97 ·D 2 

117. Y 3Do _ e 3p 

(246) 

6384.70 33501 49159 7 5 0.024 0.010 1.5 -1.13 E 2 

118. Y .1Do - g :'F 
(254) 

4976.71 34163 54251 5 7 0.016 0.0083 0.68 -1.38 E 2 
4817.85 33501 54251 7 7 0.070 0.024 2.7 -0.77 D 2 

119. z ICO - e :Ie 

(258) 

6421.51 33590 49159 9 11 0.0073 0.0055 1.0 -1.30 E 2 

120. z leO - g ~F 

(260) 

4838.65 33590 54251 9 7 0.22 0.060 8.6 -0.27 D 2 

121. Y IFo _ g 3F 

5371.33 35639 54251 7 7 0.16 0.069 8.6 -0.31 D 2 

122. Y 100 _ g 3F 
I 

(272) 

5664.02 36601 54251 5 7 O.ll 0.074 6.9 -0.43 D 2 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to he multiplied. 

Ni II 

Gcuwlll Stalt:: 

Ionization Potential 18.168 eV = 146542 em-1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. I Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. 

2034.05 5 2175.15 3 2270.21 2 2387.76 9 
2U53.30 !> 21H4.fll :5 'L.'21H.n 12 2394.52 10 

2080.85 6 2188.05 2 2287.09 12 2410.74 8 

2090.10 5 2201.41 3 2296.55 II 2412.27 1 

2093.56 5 2206.72 3 2297.14 1 2413.04 9 
212:::;.12 4 2210.38 3 2297.49 1 2416.13 10 

2125.91 3 2216.48 2 2298.27 11 2433.56 9 
2128.58 5 2220.40 13 2303.00 1 2437.89 9 

2138.58 3 2222.96 2 2316.04 1 2510.87 8 

2158.74 3 2224.36 11 2326.45 1 2545.90 8 

2161.22 4 2224.86 2 2334.58 10 2630.27 7 

2165.55 3 2226.33 2 2356.40 12 
2169.10 3 2253.85 2 2367.39 1 
2174.67 4 2264.46 2 2375.42 11 

..... , ................. 
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For this spectrum we have chosen the experiment by Hell et a1; 

OJ,· who determined relative Oscillator strengths in emission with a 

wall-stabilized arc operated in argon and small admixtures of nickel 

carbonyl. All observatioIis were· performed photoelectrically, and 
digital data processing techniques were employed. Since the meas

ured lines are lOcated in the near ultraviolet, the intensity calibra

tions presented a special problem, which was solved by utiliZing the 

continuous emission of a hydrogen .arc operated at well-diagnosed 

plasma conditions. 
Most of the plasma analysis by Bellet al. involves only· the 

assumption· of partial local thermodynamic equilibrium. which, ac

cording to general equilibrium. criteria, is readily fulfilled. But in 
order to· obtain the absolute scale for ~iII,-they used a full thermo

dynamic· equilibrium relation co~ecting the nUmber densities . of 

neutral and ~ingly· ionized nickel, Le., the Saha· eqUation. Since the 

~rium criteria a~d ·other tests indicated that complete equi
librium is only marginally achieved, tlili;appeans Lu Lt: a.que!:iliouable 

procedure. However, their experimental scale has found indepen

dent support from the recent calculations of Kurucz and Peytre

mann f21. As shown earlier [3,4], the maiority of these calculated 

data are in good agreement-i. e., normally within 50%-with 

reliable absolute scales for spectra of other iron -grouP. elements, 

although individualJ-valuesfrom the Kurucz and Peytremann work 

, have been fOWld to be in error by factors of two or more; For the 
cas~ of Ni ·II, the agr~ement behveen the ex~riment and calculation 

was particularly good: 58%of the data agreed within 25%, and 83% 

agreed within 50%, so that we decided to adopt this scale. 

We did not utilize other recent experiments because of calibration 

problems and the larger inherent uncertainties in· the photographic 

detection techniques applied. In the case of Heise's experiment [5], 

we noticed strong intensity dependent trends ill the data in aSsoci-
. atedmeasuremerits· on Ni. I. 

References 
[1] Bell, C. D., Paquette, D. R., and Wiese, W. L., Astrophys. J. 143,559 (1966). 
[2] Kurucz, R. L., and Peytremann, E., Slnithsonian Astrophysical Observatory 

Special Report 362 (1975). . 
[3J Smith, P.L., Mon. Not. R. Astron. Soc. 177,275 (1976). 

[4J Younger. S. M., Fuhr, J. R., Martin, C. A., and Wiese, W. L., J. Phys. Ch~m, 
Ref. Data 7; 495 (l978). . 

[5J Heise, H., AstrOil. Astr~phys. 34, 275 (1974). 

I'll II: l\uowed transitions 

No~ Multiplet MA) Ei(cm- I
) Ek(cin- 1

) gi g. A.;{1985-
1
) tit S(at. u.) log gf Accuracy Source 

L a 4F_ z 4Do 

(uv 11) 

23i6.04 8394 51558 10 8 4.9 0.32 24 0.50 D 1 
2303.00 9330 52738 8 6 4.7 0.28 17 0.35 D 1 
2297.14 10116 53635 6 4 4.6 0.24 11 0.16 D 1 
2297.49 10664 54176 4 2 5.3 ,0.21 6.3 -0.08 D 1 
2367.39 9330 51558 8 ~ 0.13 . 0.011 0.66 -1.07 D- 1 
2326.45 10664 53635 4 4 1.0 0.081 2.5 -0.49 D 1 
2412:27 10116 51558 6 8 0.0039· 4.5(-4)" 0.021 -2.57 E 1 

2. a 4F - z 'Co 

(uv 12) 

2216.48 8394 53496 10 12 5.5 0.49 36 0.69 D 1 

227Q.21 9330 53365 8 10 2.5 0.24 15 0.29 D 1 
·2264:46 10116 ·54263 6 8 2-4 0.24 11 0.16 D 1 
2253.85 10664 55019 4 6 .t2 0.36 11 0.16 D 1 
2222.06 8304 53365 10 10 1.6 0.12 8_6 0.07 D 1 

2224.86 9330 54263 ,8 8 2.5 0.19 11 0.18 D 1 
2226.3.3 10116 ·55019 6 6 2.0 0.15 6.7 -0.04 D 1 

·2188.05 9330 55019 8 6 0.090 0.0049 0.28 -1.41 D- 1 

3. a 4F - z 4Fo 2171.3 9355 55395 28 28 4.9 0.35 70 0.99 D 1 
(uv 13) 

2165.55 8394 54557 10 10 ·3.8 0.27 19 0.43 I) 1 
2169.10 9330 55418 8 8 2.3 0:16 9.4 0.12 [) 1 
2175.15 10116 56075 6 6 2.8 0.20 8.6 0.08 I) 1 
2184.61 10664 56424 4 4 4.7 0.34 9.7 (U:i () 1 
2125.91 8394 55418 10 8 0.073 0.0040 0.28 -1.40 I)-- I 
2138.58 9330 56075 8 6 0.28 0.014 0.81 -0.94 l) 1 
2158.74 10116 56424 6 4 0.57 0.026 l.J -0.80 I) 1 

2210.38 9330 54557 8 10 0.64 O.05f! :i.4 -0.33 D 1 

2206.72 10116 55418 6 8 2.5 0.24 II 0.16 D 1 

i 2201.41 10664 56075 4 6 2.1 0.23 6.6 -0.04 D 1 
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526 FUHR ET AL. 

Ni II: Allowed transitions-Continued 

No. Multiplet A(A.) E;(cm- I
) Edcm- I

) g; g* Ak;(lO· S-I) /ok . S(at. u.) log gf Accuracy Source 

4. a 4F - z 2GO 

(uv 14) 

2125.12 9330 56371 8 8 0.10 0.0070 0.39 -1.25 0- 1 
2174.67 9330 55300 . 8 10 2.4 0.21 12 0.23 0 1 
2161.22 10116 56371 6 8 0.32 0.030 1.3 -0.75 D 1 

5. a 4F - z 2Fo 
(uv 15) 

2053.30 8394 57081 10 8 0.041 0.0021 0.14 -1.68 0- 1 
2034.05 9330 58493 8 6 0.038 0.0018 0.095 -1.85 D- 1 
2093.56 9330 57081 8 8 0.11 0.0072 0.40 -1.24 D- 1 
2128.58 10116 57081 6 8 0.40 0.036 1.5 -0.66 0 1 
~OI)U.lU 100M 5~41)3 4 0 0.11 U.Ull U.31 -1.35 D- 1 

6. a 4F - z 20° 

(uv 16) 

2080.85 10664 58706 4 4 0.13 0.0085 0.23 -1.47 D- 1 

7. a 2F - z 4Do 

(uv 17) 

2630.27 13550 51558 8 8 0.012 0.0012 0.083 -2.02 E 1 

8. a 2F - z 4GO 
(uv 18) 

2519.87 13550 53365 8 10 0.94 0.11 7.4 -0.05 0 1 
2545.90 14996 54263 6 8 0.26 0.034 1.7 -0.69 0 1 
2410.74 13550 55019 8 6 0.018 0.0012 0.076 -2.02 E 1 

9. a 2F - z 4Fo 

(uv 19) 

2437.89 13550 54557 8 10 0.87 0.097 6.2 -0.11 0 1 
2387.76 13550 55418 8 8 0.23 0.020 1.2 -0.80 0 1 
2433.56 14996 56075 6 6 0.12 0.010 0.49 -1.21 0- 1 
2413.04 14996 56424 6 4 0.13 0.0076 0.36 -1.34 0- 1 

10. a 2F - z 2GO 2402.8 14170 55776 14 18 3.7 0.41 45 0.76 0 1 
(uv 20) 

2394.52 13550 55300 8 10 2.9 0.31 19 0.39 0 1 
2416.13 14996 56371 6 8 3.3 0.39 19 0.37 D 1 
2334.58 13550 56371 8 8 1.3 0.11 6.5 -0.07 D I 

11. a 2F - z 2Fo 2297.3 14170 57686 14 14 4.7 0.37 39 0.71 D 1 
(uv 21) 

2296.55 13550 57081 8. 8 3.2 0.26 15 0.31 0 1 
2298.27 14996 58493 6 6 4.5 0.36 16 0.33 ---D 1 
2224.36 13550 5841)3 8 6 0.51 0.029 1.7 -0.61- D 1 

2375.42 14996 57081 6 8 l.l 0.12 5.8 -0.13 D 1 

12. a 2F - z 2Do 2284.3 14170 57934 14 10 4.9 0.28 29 0.59 0 1 
(uv 22) 

2278.77 13550 57420 8 6 4.5 0.26 16 0.32 0 1 
2287.09 14996 58706 6 4 4.5 0.24 II 0.15 0 1 
2356.40 14996 57420 6 6 0.45 0.037 1.7 -0.65 D 1 

13. b 2D-y2FO 
(uv 28) 

2220.40 23108 68131 6 8 3.7 0.36 16 0.34 0 1 

Q The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 
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Ni III 

527 

Ground State 

Ionization Potential 35.l7 eV = 283700 cm- 1 

Allowed Transitions 

For this spectrum, we have chosen the calculations of Biemont [1] 
and of Kutucz and Peytremann [2]. Biemont obtained radial wave
functions by means of the scaled Thomas-Fermi method and calcu
lated individual line strengths in intermediate coupling. Similarly, 
Kurucz and Peytremann used a semiempirical scaled Thomas· 
Fermi·Dirac approach with very limited configuration interaction. 
Generally the agreement between refs. [IJ and [2] was good, partic
ularly for strong lines: 63% of the log gf-values for common lines 
agreed within ± 50 percent. In this compilation, we have included 
only those lines showing 50 percent or better agreement between 
refs. [1] and [2]. 

As in the case of Fe III, we were able to assess the reliability of 
Kurucz and Peytremann's (or Biemont's) absolute scale by com-

paring their theoretical branching ratios to beam-foil lifetime data of 
Andersen et aL [3]. This comparison supports the adopted scale: for 
the z 3GO state (the only level measured by Andersen et a1. for 
the inverse sum of the transition probabilities, (~ Aki ) -I, taken 
from ref. [2] is only l7 percent higher than the corresponding 
beam· foil lifetime. 

References 

[1] Biemont, E., J. Quant. Spectrosc. Radiat. Transfer 16, 137 (1976). 
[2] Kurucz, R. L., and Peytremann, E., Smithsonian Astrophysical Observatory 

Special Report 362 (1975). 
[3J Andersen, T., Petersen, P., and Biemont, E., J. Quant. Spectrosc. Radial. 

Transfer 17. 389 (1977). 

Ni III: Allowed transitions 

No. Multiplet A(A) H;(cm- I
) Edcm- 1

) gi gk Ad10· s-') Jk S(at. u.) log gf Accuracy Source 

I. a SF - z -'Fo 
(uv 14) 

1769.64 53704 110212 11 11 6.2 0.29 19 0.50 D 1,2 
1794.90 54658 110371 9 9 2.7 0.13 6.9 0.07 D 1,2 
1791.64 55406 111221 7 7 2.5 0.12 5.0 -0.08 D 1,2 
1786.93 55952 111914 5 5 2.5 0.12 3.5 -0.22 D 1,2 
1782.75 56308 112402 3 3 3.8 0.18 3.2 -0.27 D 1,2 

2. a SF - z ,"no 

(uv 15) 

1724.52 56308 114295 3 1 6.7 0.10 1.7 -0.52 D 1,2 

3. a .IF - z 'Co 
(uv 16) 

1692.51 53704 112787 11 13 7.9 0.40 25 0.64 D 1,2 
1709,90 54658 113141 9 II 6.3 0.34 17 0.49 D 1,2 
1719.46 55952 114110 5 7 6.0 0.37 10 0.27 D 1,2 
1722.28 56308 114371 3 5 5.9 0.44 7.5 0.12 D 1,2 
[1666.6J 53704 113705 II 9 0.038 0.0013 0.078 -1.84 D 1,2 

4. b :IF - Z :~Co 

(uv 19) 

1854.15 61339 115273 9 II 5.4 0.34 19 0.49 D 1,2 
1849.54 62606 116675 7 9 5.3 0.35 15 0.39 [) I') 

5. b "F - z ;'Fu 

(uv 20) 

I 1823.06 61339 116192 9 9 5.6 0.28 15 (JAO I) I .:~ 
1930.01 62606 117251 7 7 4.6 0.23 '>.7 O.:.!I i II 

i 
I .:~ 

1830.08 I 63473 118115 5 5 5.0 0.25 75 11.111 

I 

I) 

! 

I .:~ 
I 

6. b :~F - z :Ino 
i 

(uv 21) 

I I .. 

1741.9<> 0'''<:<'' 11117·1·(, II 

I 

,).1 Cl :~ () III II ,:~(, n 
I 

1,:2 

1752.4:~ ()~ItOI) I jl/hill ~ 1 ,t,.1 

I 

11 lit 

I 

. ,. I) III i) 1'/ 

17hO.;)() h;\:1-7;\ I :2():~',: 1 .1 :1 II:. 11 Iii .'. !I,O:, n I 1'/ 

I I J 
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Ni XI 

Cround State 

Ionization Potential 321.2 eV = 2591000 cm- I 

Allowed Transitions 

References The line strength for the 3pll-3p 53d resonance transition of this 

argon-like ion was taken from the superposition-of-configurations 
(SOC) calculations of Weiss [1], which are expected to he fairly 

accurate. The remainder of the oscillato~ strengths were interpolated 

from the Dirac-Hartree-Fock data of Lin et a1. [2J, who included 
correlation only in the lower state. 

[1] Weiss, A. W., private commurucatlon. 

[2J Lin, rio L., Fielder, W., Jr., and Armstrong, L., Jr., Phys. Rev. A 16, 589 
(1977). 

Ni XI: Allowed transitions 

No. 
Transition 

Multiplet A(A) E;(cm- I) Edcm- I ) . A.;(108s- l ) fit S(at.u.} log gf 
Accu· 

g. g, Source 
array racy 

1. 3pb_3p"3d IS _ IpO 148.402 0 673845 1 3 2340 2.31 1.13 0.364 C+ 1 

2. 3p"- 's - 02,~)O 

3psep~d4s 

78.744 0 1269900 1 3 610 0.17 0.044 -0.77 D inlerp. 

3. 3p b_ IS _ (~,~)O 

3pSep?d4s 

77.393 0 1292100 1 3 850 0.23 0.059 -0.64 D inlerp. 

4. 3p b_ IS -1:%Jo 
3p sePfd4d 

63.641 0 1571300 1 3 2500 0.45 0.094 -0.35 D interp. 

5. 3p b_ IS -l%]O 
31'5ep~2)4d 

62.730 0 1594100 1 3 1200 0.22 0.045 -0.66 D interp. 

Nixli 

Ground State 

Ionization Potential [352.0J eV = [2839200J em- I 

Allowed Transitions 

Significant correlation effects· and deviations from LS coupling in 

this chlorine-like ion make theoretical oscillator strengths for low
lying transitions somewhat uncertain (scc, for example, the com

ments on Fe x). Nussbaumer [lJ has calculated energy levels and 

oscillator strengths for many transitions by using a scaled Thomas

F t~rmi method with configuration interaction and relativistic effects. 

Corresponding data for Fe X are in good agreement with the semi

empirical calculations of Bromage et al. [2]. 

References 
[1] Nussbaumer, H., Astron. Astrophys. 48, 93 (1976). 
[2] Bromage, C. E., Cowan, R. D., and Fawcett, B. C., Phys. Scr. 15, 177 (1977). 
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Ni XII: Allowed transitions 

Transition 
Multiplet A(A) t:(cm- I

) Edcm- l ) Adl08s~l} jk S(at.u.) log gf 
Accu-

Source No. gi gk 
array racy 

l. 3s23p5_3s3pt. zpo _ ~ 

4 2 0.035 -0.85 E 1 
2 2 0.034 -1.17 E 1 

2. 3ps-3p 4eD)3d 2po _ 2g 162.60 7840 622843 0 Z· 1900 O.2:i 0.00 0.17 D 1 

160.554 0 622843 4 2 1400 0.28 0.59 0.05 D 1 

166.88 23519 622843 2 2 460 0.19 0.21 -0.42 D 1 

3. 3p 5...;3p4(:IP)3d ~po _ 2p 155.36 7840 651488 6 6 1900 0.68 2.1 0.61 E 1 

154.175 O· 648614 4 4 1900 i 0.67 1.4 0.43 E 1 
157;798 23519 657237 2 2 1300 0.50 0.52 0:00 E 1 
152.152 0 657237 4 2 480 0.084 0.17 -0.47 E 1 

159.975 23519 648614 2 4 14 0.011 0.012 -1.66 E 1 

1. 2po _ 20 152.20 7840 664890 6 10 2200 1.3 3.9 0.89 D 1 . 

152.153 0 657233 4 6 2300 1.2 2.4 0.68 D 1 

153.174 23519 676375. 2 4 2100 1.5 1.5 0.48 D 1 

147.847 0 676375 4 4 43 0.014 0.027 -1.25 D 1 

Ni XIII 

Ground State 

ionizatiuu Pulenlia.l r384.0] eV = [3097300] cm- 1 

Allowed Transitions 

The oscillator strength for one 3p-3d transition oithis highly 
ionized member of the sulfur sequence is from the statistical Hartree

Fock calculations of Fawcett et al. [1]. We felt that to extrapolate 
I-values for additional. traMitions would M rather risky •. in view of 

correlation effects and deviatiuu::; fcuIll LS coupling (ace, for OXQm~ 

pIe, the comments on Fe XI). 

Reference 
[I] Fawcett, B. C.,-Peacock, N. l., and Cowan, R. U., J. Phys. BI, ~95 (1966). 

Ni XIIl: Allowed transitions 

No. 
Transition 

Multiplet A(A) t.:(cm~l) Ek(cm- I ) AdlO8s- l ) jk S(at.u.) 
Accu-

gi gk log gf Source 
array racy 

}. 3p "-3p 3eDO)3d 'D _lYO 157.55 46984 681700 5 7 2100 l.l 2.9 0.74 D 1 

Ni XIV 

Ground State 

Ionization Potential [426] eV= [3436000] em-I 

Allowed Transitions 

Reference The single oscillator strength available for this highly ionized 
member of theP sequence is {rom a Hartree.F ock.Slater calculation 

[1 ]. (For additional comments on this sequence, see Fe X II.) [I J fawtetl, B. C. Peacock, N. J .• and Cowan, R. D., j. Phys. B 1, 295 (1968). 
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Ni XIV: Allowed transitions 

No. 
Transition 

I 
Multiplet A(A) f..:(cm- I

) Edcm- I ) Ad108s- l ) tk 5 (at.u.) log gf 
Accu-

gi gk Source 
array racy 

l. 3p:i-3p 2CP)3d 200 _ 2F 

164.146 6 8 1500 0.83 2.7 0.70 0 1 

Ni XV 

Ground State 

Ionization Potential [461] eV = [3718000] em-I 

Allowed Transitions 

Reference The f-values for the transitions presented here were interpolated 
from results of the multiconfiguration calculations of Kastner et al. 
[lJ for some Si·like ions. 

, [I] Kastner. S. 0 .• Swartz, M., Bhatia, A. K., and Lapides, J., J. Opt. Soc. Am. 68, 
1558 (1978). 

Ni XV: Allowed transitions 

No. 
Transition 

Multiplet X(A) f..:(cm- I
) Edcm- 1) A.i(lOBs-l) S{at.u.) 

Accu-
gi gk f. log gf Source 

array racy 

1. 3p2-3p4d 10 _ IFo 50.249 [62871] [2053000J 5 7 6400 0.34 0.28 0.23 E interp. 

2. 3p3d-3p4J ~Fo _ :iC 

60.890 9 11 1.0(+4), 0.70 1.3 0.80 0 interp. 

3. apo _ :10 

62.369? I 3 3900 0.69 0.14 -0.16 0 interp. 

4. '1'0 _ 't; M.oiS~ [oiSH4HO] [~ltl~bUU] 
., Y 9tlUU 0.79 1.2 0.74 D inferp. 

5. Ipo _ 10 65.415 3 5 5900 0.63 '0.41 0.28 0 interp . 

• The I1UI1t1Jel iu p"!eIJllte"e,, fulluwill!; lite I"bul"teu v.due iIltlit;"le~ Ihe puwe! uf lell by .. hid. lhi:> v"lue hd" to be multiplied. 

Ni XVI 

Ground State 

Ionization Potential [496.0] eV = [4000600] cm- 1 

Allowed Transitions 

Oscillator strengths for multiplets 1, 4, and 11 were interpolated 
from the multiconfiguration Hartree-Fock calculations of Froese 
Fischer [1,2J. The remainder of the data were interpolated from the 
superposition-of-configurations calculations of Weiss [3J. Significant 
correlation effects and level crossings introduce uncertainties into 
the interpolation procedure; the accuracy ratings assigned to the 
pertinent transitions have been lowered accordingly. 

J. Phys. Chem. Ref. Data, Vol. 10, No.2, 1981 
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Ni XVI: Allowed transitions 

Transition 
Multiplet X(A.) f,:(cm- ' ) Edcm- 1) Aki (108S- I ) jk S(at.u.) log gf 

Accu· 
Source No. g; gk 

array racy 

1. 3.~23p-3s 3p 2 2po _ 2D 6 10 0.061 -0.44 E interp. 

2. 3s3p('PO)3d- 2pO _ 25 6 2 0.031 -0.73 E interp. 

3p 2CD)3d 

3. 3s3p2-3s 24p 2D _ 2pO 10 6 0.016 -0.80 C interp. 

4. 3p-3d 2po _ 2D 191.1 18500 541900 6 10 460 0.42 1.6 0.40 C interp. 

194.04 27800 543200 4 6 440 0.38 0.96 0.18 C Is 

185.23 0 539870 2 4 420 OA3 0.53 -0.06 C Is 

[195.3] 27800 539870 4 4 75 0.043 0.11 -0.77 D is 

5. 3s3p(lpO)3d- 2pO '- 25 6 2 0.098 -0.23 D interp. 

3.~3d2 

6. 3s3pepO)3d- 2pO _ 25 6 2 0.10 -0.22 D interp. 

3s3d 2 

7. 3il-3p2('D)3d 2po _ 25 6 2 0.079 -0.32 C interp. 

8. 3p-4s 2po _ 25 6 2 0.060 -0.44 D interp. 

9. 3p-4d 2po _ 2D 47.576 18500 2120400 6 10 5700 0.32 0.30 0.28 C interp. 

47.772 27800 2121100 4 6 5600 0.29 0.18 0.06 C is 

47.184 0 2119400 2 4 4800 0.32 0.10 -0.19 C is 

[ 47.810] 27800 2119400 4 4 930 0.032 0.020 -0.90 D is 

10. 3d-4p 2D _ 2pO 10 6 0.025 -0.60 C interp. 

11. 4s-4p 25 _ 2pO 2 6 OA4 -0.06 D interp. 

Ni XVII 

Ground State 

Ionization Potential [570] eV = [4597000] cm- 1 

AUowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. Wavelength (A.) No. Wavelength (A.) No. 

30.919 II 55.511 24 197.39 12 249.180 2 
4~.MU 10 55.606 23 199.87 12 251.97 :) 

50.958 18 55.887 22 200.53 12 263.6 :) 

54.384 20 55.933 22 207.50 12 266.IS .) 

54A51 19 57.348 21 208.66 12 209.44 ] 

54.628 19 57.573 25 209.38 12 2HI.:10 :~ 

55.361 24 57.579 17 215.89 14 2H:d)6 :{ 

--- --_._------
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FUHR ET AL. 

Oscillator strengths for the 3s 2 15-3snp IpO (n = 3-5) transi
tions are the results of the relativistic random phase approximation 
(RRPA) calculations of Shorer et a1. [1]. 

Data for the remaining transitions in this high ion of the Mg 
sequence have been interpolated from the results of several theoret
ical calculations: the relativistic multiconfiguration Hattree-Fock 
(MCHF) approach of Cheng and Johnson [2]; the superposition-of
configurations (SOC) method of Weiss [3] in intermediate coupling, 
including relativistic corrections to the energy levels; the non
relativistic MCHF calculations of Froese Fischer [4]; and the 
multiconfiguration results of Kastner et al. [5] in intermediate cou
pling. 

Weiss did not calculate line strengths for the 
transition in Mg-like ions. Thus we have converted f-values inter
polated from his results for the remaining lines of the multiplet to line 
strengths, and then estimated the strength of this missing line to be 

in proportion to its strength in a pure LS -coupled multiplet. The 
resulting multiplet strength is in very good agreement with the 
Z -expansion results of Crossley and Dalgamo [6], whose result for 
the corresponding multiplet in Fe xv agrees with our tabulated value 
(derived from the results of rather accurate calculations) for the Fe 
ion multiplet to within 5%. We have nevertheless been conservative 
in our accuracy rating for this particular transition. 

References 
[I] Shorer, P., Lin, C. D., and Johnson, W. R., Phys. Rev. A 16, 1109 (1977). 
[2] Cheng. K. T., and Johnson, W. R., Phys. Rev. A 16,263 (1977). 
[3] Weiss, A. W., private communication. 

[4] Froese Fischer, C., J. Opt. Soc. Am. 69, lIS (1979). 
[5] Kastner. S. 0., Swartz, M., Bhatia. A. K., and Lapides, J., J. Opt. Soc. Am. 68, 

1558 (1978). 
(6] Crossley, R. J. S., and Oalgamo, A., Proc. R. Soc. London, Ser. A 286, 510 

(1965). 

Ni XVIl: Allowed transitions 

No. 
Transition 

Multiplet A(A) Ei(cm- I) Edcm- ' ) Ad108s- ' ) t. S(at.u.) log gf 
Accu-

Source array gi g. 
racy 

l. 3s 2-3s3p IS _ :ipo 

I 3 0.0055 -2.26 0- interp. 

2. 's - Ipo 249.180 0 401316 I 3 280 0.77 0.63 -0.11 C 1 

3. 3s3p-3p2 :lpO _ "p 268.2 9 9 215 0.232 1.84 0.319 C interp. 

266.15 5 5 153 0.162 0.71 -0.092 C interp. 
269.44 3 3 60 0.065 0.17 -0.71 C interp. 
285.66 5 3 84 0.062 0.29 -0.51 C interp. 
281.50 3 1 210 0.083 0:23 -0.60 C interp. 
251.97 3 5 54 0.085 0.21 -0.59 C interp. 
263.6 1 3 86 0.270 0.234 -0.57 C interp. 

4. 3pO _ 'D 

5 5 0.034 -0.77 0 interp. 

3 5 0.032 -1.02 D interp. 

5. IpO _:lp 

3 5 0.025 -1.12 D- inlerp. 

6. IpO - 'D 3 5 18 0.078 0.32 -0.63 C interp. 

7. IpO _ IS 3 1 0.097 -0.54 C in/erp. 

8. 3s3d-3p3d 30 _ :IFo 15 21 0.140 0.322 C interp. 

9. 'D _ 'Fo 5 7 0.347 0.239 C interp. 

10. 3s 2-3s4p IS _ Ipo 42.840 0 2334300 1 3 4750 0.392 0.055 -0.407 C 1 

11. 3s 2-3s5p IS _ lpo 30.919 0 3234300 1 3 2770 0.119 0.0121 -0.92 C 1 

12. JsJp-JsJd of"" - aU ZW.,}J 9 15 270 0.28 1.7 0.40 D in.terp., 

U 

207.50 5 7 260 0.23 0.79 0.06 0 is 
199.87 3 5 213 0.213 0.420 -0.194 C ilttl'rp. 

197.39 1 3 165 0.290 0.188 -0.54 C interp. 

208.66 5 5 64 0.0418 0.144 -0.68 C interp. 

200.53 3 3 120 0.070 0.14 -0.68 C interp. 

[209.3R 5 3 6.8 0.0027 0.0093 -1.87 0 interp. 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 533 
Ni XVJl: Allowed transitions-Continued 

No. 
Transition 

Multiplet MA) Ei(cm-') Edcm- ' ) 
Ati (108S- 1) j;k S(at.u.} log gf 

Accu· 
Source 

array gi gt 
racy 

13. 'po _ :'D 

3 5 3.3(-4)" -3.00 0 interp. 

JA. 'po _ '0 215.89 401316 864520 3 5 460 0.53 l.l 0.20 0 interp. 

15. 3p2-3p3d ID _ 'Fo 5 7 0.204 0.009 C interp. 

16. 3s3d-3s4J 3D _ :'Fo 15 21 0.91 1.14 C in.terp. 

17. '0 - 'Fo 57.579 864520 2601200 5 7 9900 0.69 0.65 0.54 C inlerp. 

18. 3pL 3s4J '0 - 'Fo 50.958 5 7 4000 0.22 0.18 0.04 0 interp. 

19. 3p3d-3p4J :'yo - 'IG 

54.451 9 II 1.5(+4) 0.81 1.3 0.86 C interp. 
54.628 7 9 1\(+<1.) 0.63 0.79 0.64' 0 interp. 

20. "Fo _:IF 

:'4.384 7 9 3000 0.11 0.21 0.08 D interp. 

21. 'Fo - 'G 57.348 7 9 1.4(+4) 0.89 1.2 0.79 C interp. 

22. :'00 - :IF 

55.887 7 9 9000 0.54 0.70 0.58 0 interp. 
55.933 3 5 1.l(+4) 0.85 0.47 0.4l C interp. 

23. 3Do _:10 

55.606 5 7 8200 0.53 0.49 0.42 D interp. 

Z4. "p .... - :'D 

55.511 3 5 7400 0.57 0.31 0.23 C interp. 
55.361 1 3 6700 0.92 0.17 -0.04 C interp. 
!-i!'i_~61 3 3 6700 0.31 0.17 -0.03 C interp. 

25. 'po - 'D 57.573? 3 5 1.1(+4) 0.94 0.53 0.45 C interp. 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Ni XVIII 

Ground State 

Ionization Potential 607.2 eV = 4897400 em-I 

Allowed Transitions 

List of tobulated lines 

Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. Wavelength (.4.) No. 

29.779 3 31.891 14 ;{2.49~ 13 :n.% 7 
29.829 3 32.034 8 :12.5:H I:J 

II 

36.990 12 
31.845 14 32.340 8 32.541 1 :{ :n.049 12 
31.890 14 32.351 8 33.60 7 37.052 12 
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List of tabulated lines-Continued 

Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. 

38.574 11 59.793 9 116 18 594.5 17 
38.641 11 59.950 9 118 18 613.3 17 
38.659 11 60.212 9 130.9 21 640.2 17 
41.015 2 76.243 23 131.3 21 732.6 15 
41.218 2 76.365 23 131.9 21 803.2 15 
43.814 6 76.371 23 211.7 26 1230 25 
44.365 6 94.652 16 212.1 26 1310 25 
44.405 6 95.166 16 212.2 26 1320 25 
50.253 5 99.256 19 220.41 4 1390 20 
51.042 5 100.4 19 233.79 4 1420 20 
52.615 10 100.5 19 236.36 4 .1430 20,24 
52.720 10 114.3 22 292.00 I 1550 24 
52.743 10 114.6 22 320.56 I 

Oscillator strengths for individual lines of multiplets of the type 
nl 2L-n'l' 2L' (n,n' = 3,4) were interpolated from the relativistic 
single-configuration Hartree Fock results of Kim and Cheng [1] for 
selected ions of the Na isoelectronic sequence. Numerous multiplet 
[-values have been calculated by Tull et al. [2] in the frozen-core 
Hartree-Fock approximation, including relativistic corrections to the 
energy levels; of these, we quote the results for the lower-lying 
transitions out of the n = 3, 4, and 5 shells. 

Oscillator strengths for the 3SIl2-3pIlZ.312 and 3p3/2-3dsl2 transi
tions derived by Pegg et al. [4] from beam-foil lifetimes are in very 
good agreement with the values tabulated here. 
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[I] Kim, Y .. K., and Cheng, K. ·t., J. Opt. Soc. Am. 68, 836 (1978). 

Froese Fischer [3] has parametrized the non-relativistic Hartree
Fock data of Biemont for many transitions of the Na sequence. 

[2] Tull, C. E., McEachran, R. P., and Cohen, M., At. Data 3, 169 (1971). 
[3] Froese Fischer, C., Phys. 5cr. 14,269 (1976). 
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Astrophys. J. 224, 1056 (1978). 

Ni XVIII: Allowed transitions 

No. 
Transition 

A(A) E;(cm- I
) Edcm- I ) A.dIOBs- I ) j;. S(at.u.) log gf 

Accu. 
Source 

array 
Multiplet gi gk racy 

l. 3s-3p 2S _ '!pO 300.93 0 332300 2 6 90 0.37 0.73 -0.13 C inlerp. 

292.00 0 342470 2 4 99 0.252 0.484 -0.298 C interp. 

320.56 0 311950 2 2 74 0.114 0.241 -0.64 C inlerp. 

2. 3s-4p 25 _ 2pO 41.083 0 2434100 2 6 3000 0.23 0.062 -0.34 C interp. 

41.015 0 2438100 2 4 2930 0.148 0.0400 -0.53 C inlerp. 

41.'>-18 (} 24%100 2 2 3200 0.082 0.022 -0.79 C inlerp. 

3. 3s-5p 25 _ 2pO 29.796 0 3356200 2 6 1850 0.0739 0.0145 -0.830 C+ 2 

29.779 0 3358100 2 4 1900 0.049 0.0097 -l.00 G ls 
29.829 0 3352400 2 2 1900 0.025 0.0050 -1.29 D Is 

4. 3p-3d 2pO _ 20 229.32 332300 768380 6 10 195 0.256 1.16 0.187 C interp. 

233.79 342470 770200 4 6 182 0.224 0.69 -0.048 C interp. 

220.41 311950 765650 2 4 187 0.273 0.396 -0.263 C interp. 

236.36 342470 765650 4 4 30.0 0.0251 0.078 -1.00 C inlerp. 

5. 3p-4s 2pO _ 2S .'>0.779 332300 2301600 6 2 4900 0.063 0.063 -0.42 0 interp. 

51.042 342470 2301600 4 2 3300 0.064 0.043 -0.59 0 inte.rp. 

50.253 311950 2301600 2 2 1600 0.059 0.020 -0.93 C interp. 

6. 3p-4d "PO -"0 44.183 332300 2595600 6 10 7000 0.339 0.296 0.309 c- inlerp. 

44.365 342470 2596500 4 6 7000 0.310 0.181 0.093 C interp. 

43.814 311950 2594300 2 4 5700 0.33 0.095 -0.18 D interp. 

44.405 342470 2::;94300 4 4 1160 0.0344 0.0201 -0.86 C interp. 
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Ni XVIII: Allowed transitions-Continued 

Transition 
X(J\) ~:(cm-J) Ek(cm- 1) Aki (l08S- 1) /;k S(at.u.) log gf 

Accu· 
Source No. Multiplet gi gk 

array racy 

7. 3p-5s 2pO _ 2S 33.83 332300 [3288000] 6 2 2080 0.0119 0.00795 -1.146 C+ 2 

[33.95J 342470 [3288000J 4 2 1400 0.012 0.0053 -1.32 C is 
[33.60J 311950 [3288000] 2 2 710 0.0120 0.00265 -1.62 C /.5 

8. 3p-5d 2pO _ 20 32.238 332300 3434200 6 10 4000 0.104 0.0662 -0.205 C+ 2 

32.340 342470 3434600 4 6 3960 0.093 0.0397 -0.428 C Is 
32.034 311950 3433600 2 4 3410 0.105 0.0221 -0.68 C Is 

[32.351] 342470 3433600 4 4 660 0.010 0.0044 -1.38 0 Is 

9. 3d-4p 20 _ 2pO 60.034 768380 2434100 10 6 1100 0.036 0.071 -0.44 0 interp. 

59.950 770200 2438100 6 4 970 0.0349 0.0413 -0.68 C interp. 
60.212 765650 2426100 4 2 1200 0.032 0.025 -0.89 0 interp. 

[59;793] 765650 2438100 4 4 110 0.0057 0.0045 -1.64 0 interp. 

10. 3d-4f 20 _ 2Fo 52.678 768380 2666700 10 14 1.60(+4)" 0.93 1.62 0.97 c- interp. 

52.720 770200 2667000 6 8 1.6(+4) 0.89 0.93 0.73 C interp. 
52.615 765650 2666200 4 6 1.5(+4) 0.93 0.64 0.57 c- interp. 

[52.743] 770200 2666200 6 6 1070 0.0448 0.0467 -0.57 C interp. 

11. 3d-5p 20 _ 2pO 38.613 768380 3356200 10 
61 

420 0.0057 0.0073 -1.24 0 2 

[38.641J 770200 3358100 6 4 390 0.0058 0.0044 -1.46 0 Is 
[38.659] 765650 3352400 4 2 420 0.0047 0.0024 -1.72 0 /.5 
[38.574] 765650 3358100 4 4 43 9.6(-4) 4.9(-4) -2.41 E Is 

12. 3d-Sf 20 _ 2Fo 37.026 768380 3469200 10 14 5910 0.170 0.207 0.230 c+ 2 

37.049 770200 3469300 6 ·8 5900 0.161 0.118 -0.014 C /.5 
36.990 765650 3469100 "- 6 5500 0.170 0.083 -0.017 C I. 

[37.052] 770200 3469100 6 6 390 0.0081 0.0059 -}.32 0 Is 

13'j3d-6P 
20 _ 2pO 32.536 768380 3841900 10 6 220 0.0021 0.0022 -1.68 0 2 

[32.541] 770200 3843200 6 4 190 0.0020 0.0013 -1.92 0 is 
[32.534] 765650 3839400 4 2 210 0.0017 7.3(-4) -2.17 0 /.5 
[32.493] 765650 3843200 4 4 22 3.5(-4) 1.5(-4) -2.85 E is 

14. 3d-6f 20 _ 2Fo 31.871 768380 3906000 10 14 2940 0.0626 0.0657 -0.203 c+ 2 

31.890 770200 3906000 6 8 2930 0.060 0.0375 -0.447 C Is 
31.845 765650 3905900 4 6 2750 0.063 0.0263 -0.60 C Is 

[31.891] 770200 3905900 6 6 200 0.0030 0.0019 -1.74 D is 

15. 4s-4p 2S _ 2pO 754.7 2301600 2434100 2 6 21 0.54 2.7 0.04 D interp. 

[732.6] 2301600 2438100 2 4 23 0.37 1.8 -0.13 D interp. 
[803.2J 2301600 2426100 2 2 17.3 0.167 0.88 -0.476 C interp. 

16. 4s-5p 2S _ 2pO 9.1..823 2301600 :U56:JDO 2 6 655 f) 265 0165 -O.?7tl C+ 2 

[94.652] 2301600 3358100 2 4 660 0.177 0.110 -0.452 C Is 
[95.166] 2301600 3352400 2 2 650 0.088 0.055 -0.76 D Is 

17. 4p-4d 2pO _ 20 619.2 2434100 2595600 6 10 42.3 0.40b 4.% o.:mt, C i/li..,!'. 

[613.:31 2438100 2596500 4 6 39.7 (USb 2.% 0.154 C illlf·fl'· 

[594 .. )] 2426100 2594300 2 4 40.1 0.425 1.1Ih --0.071 C 1III'·fl'. 

[640.2] 24:m100 2594300 4 4 6.5 O.0:W7 O.:U:I -O.HO C inlop. 
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536 FUHR ET AL. 

Ni XVIII: Allowed transitions-Continued 

No. 
Transition 

Multiplet A(A) E;(cm- 1
) Ek(cm- 1) Ak;(108S- 1) f;k S(at.u.) log gf 

Accu. 
Source array 

g; gk 
racy 

18. 4p-5s 2po _ 25 117 2434100 [3288000] 6 2 1480 0.101 0.233 -0.218 C+ 2 

[1l8J 2438100 [3288000] 4 2 960 0.100 -0.155 -0.399 C Is 
(116J 2426100 [3288000] 2 2 510 0.10 0.078 -0.69 C Is 

19. 4p-Sd 2po _ 2D 99.990 2434100 3434200 6 10 1200 0.301 0.594 0.257 C+ 2 

[100.4] 2438100 3434600 4 6 1190 0.269 0.356 0.032 C Is 
[99.256] 2426100 3433600 2 4 1030 0.303 0.198 -0.218 C Is 

[100.5] 2438}00 3433600 4 4 200 0.030 0.040 -0.92 D is 

20. 4d-4f 2D _ 2Fo 1410 2595600 2666700 10 14 2.4 0.099 4.6 -0.00 C interp. 

[1420J 2596500 2667000 6 8 2.3 0.094 2.6 -0.25 C i'nterp. 
[1390] 2594300 2~6200 4 6 2.32 0.101 l.85 -0.394 C interp. 
[1430J 2596500 2666200 6 6 0.16 0.0048 0.14 -1.54 D interp. 

21. 4d-5p 2D _ 2pO 131.5 2595600 3356200 10 6 513 0.0798 0.345 -0.098 c+ 2 

[131.3] 2596500 3358100 6 4 463 0.080 0.207 -0.320 C Is 
[131.9] 2594300 3352400 4 2 510 0.066 . 0.115 -0.58 C Is 
[130.9] 2594300 3358100 4 4 52 0.013 0.023 -1.27 D Is 

22. 4d-5f 2D _ 2Fo 114.5 2595600 3469200 10 14 2680 0.737 2.78 0.867 C+ 2 

[114.6] 2596500 3469300 6 8 2680 0.70 1.59 0.62 C Is 
[114.3] 2594300 3469100 4 6 2510 0.74 1.11 0.470 C Is 
[114.6] 2596500 ' 3469100 6 6 180 0.035 0.079 -0.68 D Is 

23. 4d-6f 2D _ 2Fo 76.313 2595600 3906000 10 14 1470 0.180 0.452 0.255 C+ 2 

[76.365] 2596500 3906000 6 8 1470 0.171 0.258 0.011 C Is 
[70.243] 2594300 3905900 4 6 1300 0.180 0.181 -0.112 C Is 

[76.371] 2596500 3905900 6 6 99 0.0086 0.013 -1.29 D Is 

24. 5s-5p 25 _ 2po 1470 [3288000] 3356200 2 6 6.61 0.642 6.21 0.109 C+ 2 

[1430] [3288000] 3358100. 2 4 7.2 0.440 4.14 -0.056 C Is 
[.1550] [3288000] 3352400 2 2 5.7 0.21 2.1 -0.39 D Is 

25. 5p-5d zP" _ zl) JZ~U JJ:50ZIJV ::H-34200 6 10 12.8 0.::'26 13.3 0.499 C+ 2 

[131OJ 3358100 3434600 4 6 12 0.46 8.0 0.27 C Is 
[1230] 3352400 3433600 2 4 12.1 0.55 4.43 0.039 C Is 
[1320] 3358100 3433600 4 4 2.0 0.051 0.89 -0.60 0 ~ 

26. 5d-6f 2D _ 2Fo 212.0 3434200 3906000 10 14 699 0.659 4.60 0.819 C+ 2 

t212.1] 3434600 jlJObU!)\J 0 6 700 0.63 2.63 0.58 C 'k 

[211.7] 3433600 3905900 4 6 650 0.66 1.84 0.422 C Is 
[212.2] 3434600 3905900 6 6 46 0.031 0.13 -0.73 D is 

" The number in parentheses following the labulaleu value illdicate~ the power of ten by which this value has to be multiplied_ 

J. Phys. Chem. Ref. Data, Vol. 10, No.2, 1981 



TRANSITION PROBABILITIE-S FOR IRON, \"U.,AL I, ANU NI",,~EL 

Ni XIX 

537 

Ground State 

Ionization Potential 1546.9 eV = 12477000 cm- 1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) . No. Wavelength (A) No. 

8.725 52 42.0 106 
8.838 51 . 42.3 109 
9.130 48 42.6 86,92 
9.236 47 43.4 1l0,1l7 
9.3 ·33,34 44.2 113 

·9.97 44 ··44.4 100 
lO.102 43 45.2 88,92 
lO.2 01-2 45.3 86 

10.306 41 45.8 89,93 
10.41-7 40 45.9 95 
11.522 . 32 46.0 116 
11.592 31 46.4 R7 

12.436 39 46.6 87,93 
12.659 38 46.7 90 
12.805 37 46.9 94 
13.776 36 47.0 88 
14.037 35 49.5 91 
38.3 99 50.0 90 
39.0 .65 52.9 118 
39.1 64 53.1 . 96,118 
39.3 64,107 54.1 120 
40;0 67 54.6 119 
40.2 66 85.5 5 
40.4 98 86.4 _ 2 
40.5 97,112. .86.7 13 
40.7 97 87.2 15 
40.9 103 . 87.6 5 
41.0 100,102, 88.0 5. 

111 ' 89.3 12 
41.1 105 89.4 17 
41.13 101 89.5 6 
41.2 100,103 89.6' 1 
41.5 104,109 90.0 6 
41.6 101,114, 90~2 8 

115 90.3 12 
, 41.7 109,114 90.4 14 
4L8 106 90.5 ,24 
41.9 106,108 90.6 24 

Transition probabilities for the majority of the lines of this neon
like ion were taken from the results of the scaled Thomas-Fermi 
approach of LoUlergue and Nussbaumer[1J, which allows forexten
sive configuration interaction as well as spin-orbit coupling. Oscil
lator strengths for the resonance transitions to J = 1 levels of the 
configuration2p53s and 2p 53d were interpolated from the results 
the multiconfiguration relativistic random phase approximation 
(RRPA) calculations of Shorer [2] fOr severa] ions of the Ne isoelec-

Wavelength (A) No. Wavelength (A) No. 

90.7 12,29 242.8 72 
91.1 28,30 244.0 68 
91.2 14,27 244.5 78 
91.6 7,26 246.6 71 
92.3 28 250.4 68,70 
92.8 16 252.5 85 
92.9 7 254.6 82 
93.2 16 255.6 76 

93.6 1~ 256.1 82 
97.6 - 4 259.5 76 

100.0 19 260.2 81 
100.7 21 261.4 73 
102;4 9 264.2 71 
102 .. 9 9_ 265.0 80 
103.6 3 267.8 71 
103.7 10 271.6 79 
104.2 26 272.7 82 
104.4 26 274.1 55 
104.6 25 285.2 75 
104.7 14 289.7 84 
104.9 18 293.0 84 
105.4 18 295.1 75 
105.7 18,20 301.9 75 
106.2 20 308.1 55 
106.8 6 326.1 5a 
106.9 10 332.4 61 
107.9 23 333.8 63 
114.2 22 335.4 54 
114.6 22 338.3 58 
123.0 11 346.6 55 
179.7 57- 362.4 54 
185.9 74 368.6 63 
198.2 77 369.0 60 
221.4 56,69 375.5' 63 
226.6 83 384.7 60 
232.9 68 406.6 53 
236.2 62 431.5 59 
237.2 72 503.4 70 

,tronic sequence. Results of the model potential calculaLiofTh· of 
Crance [3J have been tabulated for resonance transitions to 2p 5ns 
and 2p 5nd (n =5,6). 

-References 
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[3] Crance, M., At. Data 5, 185 (1973). 
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Ni XIX: Allowed transitions 

No. 
Transition 

Multiplet ;\(A) t:(cm- I) EA,(cm- l ) Akj(lOBs-l) JiI' S(at.u.) loggf 
Accu· 

gi gk Source array racy 

l. 2s~2p~("Pfd3s- (;12.16)" _·S 

2s2p"3s 

[89.6] 5 3 850 0.061 0.091 -0.51 C 1 

2. (~.~)O -'S 
) 

[86.4] 3 1 600 0.022 0.019 -1.17 C I 

3. 2s 22p Sep?/2)3s- (~,~)O _:~ 

2s2p"3s 

[103.6] 3 3 200 0.032 0.033 -1.02 C 1 

4. (16.~)O _ IS 

[97.6J 3 I 300 0.014 0.014 -1.37 C 1 

5. 2s 22p·s3p- :IS _ :Ipo 86.5 3 9 110 0.039 0.033 -0.94 C 1 
2s2pb3p 

[8:5.:5] s 5 21 0.0038 0.0032 -1.94 C 1 

[87.6] 3 3 130 0.015 0.013 -1.35 C 1 
[88.0] 3 1 510 0.020 0.017 -1.23 C 1 

6. :ID _ :lpO 

[89.5] 7 5 710 0.061 0.13 -0.37 C 1 
[90.0] 5 3 760 0.055 0.082 -0.56 C I 

[106.8] 3 1 15 8.6(-4)" 9.0(-4) -2.59 D 1 

7. :Ip _ :Ipo 

[91.6J 5 5 190 0.024 0.036 -0.92 C 1 
[92.9] 3 1 370 0.016 0.015 -1.32 C 1 

8. 3p _ Ipo 

[90.2] !; ~ ~!;O 0.026 0.038 -0.89 C 1 

9. Ip _ :lpo 

[102.4) 3 3 200 0.031 0.032 -1.03 C 1 
[102.9] 3 1 320 0.017 0.017 -1.29 C 1 

10. ID _ :lpo 

[W;:U] 5 5 100 0.026 0.044 -0.89 C 1 

[106.9] 5 3 7.2 7.<i{-4) 0.0013 -2.43 D 1 

II. IS _ :lpo 

[123.0] 1 3 42 0.029 0.012 -1.54 C 1 

12. 2S22p~3d- lpO - :ID 

2s2p l>3d 

[90.3] 5 7 30 0.0051 Q.OQ76 -1.59 0 I 

[90.7] 5 5 120 0.015 0.022 -1.13 C 1 

[89.3] 3 3 130 0.016 0.014 -1.33 C I 

13. 3pO _ID 

86.7] 5 5 40 0.0045 0.0064 -1.65 D 1 
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Ni XIX; Allowed transitions-Continued 

No. 
T ..... "iliull 

Multiplet ).(1\.) Ei(cm- I
) E.(cm- I ) AdlOUs- I ) j;. S(at.u.) log gf 

Accu-
Source 

array 
gi g. 

racy 

14. :Iro - :In 

[90.4] 9 7 610 0.058 0.16 -0.28 C 1 
[91.2] 7 5 480 0.043 0.090 -0.52 C 1 

[104.7] 5 3 210 0.021 0.036 -0.98 C 1 

15. :iro - In 

[87.2] 7 5 180 O.QlS 0.029 -0.99 C 1 

16. :100 - :10 

[93.2] 7 7 160 0.021 0.045 -0.84 C I 
[93.6J 7 5 60 0.0056 0.012 -1.40 D 1 
[92.8J 5 3 340 0.026 0.040 -0.88 C 1 

17. :100 _ JO 

lH9.4J , .:l ~:,o O.U~l 0.044 -0.82 C 1 

18. lDo - :10 

[104.9] 5 7 59 0.014 0.024 -1.17 C I 
[105.4] 5 5 48 0.0080 0.014 -1.40 C 1 
[105.7] 5 3 4.1 4.1(-4) 7.2(-4) -2.69 n I 

19. IDo _ In [100.0J 5 5 66 0.0099 0.016 -1.31 C ] 

20. IFo _ an 

[105.7] 7 7 120 0.020 0.049 -0.85 C 1 
[106.2] 7 5 53 0.0064 0.016 -1.35 C 1 

21. lFo - In [100.7] 7 5 200 0.022 0.050 -0.82 C 1 

?? Ipo _ :10. 

[114.2] 3 5 13 0.0042 0.0048 -1.90 n I 
[114.6] 3 3 20 0.0039 0.0045 -1.93 D 1 

23. Ipo _ ID [107.9] 3 5 38 0.011 0.012 -1.48 C I 

24. 25 22p 54p_ ;15 _ 3pC 

2s2p"4p 

[90.5J 3 3 120 0.015 0.013 -1.35 C I 
[90.6] 3 1 580 0.024 0.021 -1.15 C 1 

25. ;10 _ 3pO 

[104.6] 5 5 140 0.023 0.040 -0.94 C 1 

26. 3p _ 3pO 

[91.6] 5 5 200 0.025 0.038 -0.90 C 1 
[104.2J 3 3 180 0.029 0.030 -1.06 C 1 
[104.4] 3 I 310 0.017 0.017 -1.30 C 1 

27. .lp _ IpO 

[91.2] .) 3 :no 0.02:) 0.0:\7 -0.91 c I 

28. Ip _ :lpO 
( 

[91.1] ;{ 5 29 0.0060 IUJ051 1- 1.71 C I 

[92.3J 3 1 210 Q.O()89 0'<1081 -1.S7 C l 
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Ni XIX: Allowed transitions-Continued 

No_ Transition 
Multiplpt MA) K(cm- I) E.(cm- I ) A.; (108s- l ) (;k S(at.u.) log g( 

Accu· 
Source go g. array racy 

29. Ip _ Ipa [90.7J 3 3 290 0.036 0.032 -0.97 C 1 

30. ID _ :lpa 

[91.1 ] 5 3 680 0.051 0.076 -0.60 C I 

31. 2s 22pb_2s2p"3p IS _ :~pa 

I 11.582 0 8634100 I 3 6300 0:038 0.0014 -1.42 C I I 

32. IS _ Ipa 11.522 0 8679000 1 3 4.8(+4) 0.29 0.011 -0.54 C 1 

33. 2S22p o-2s2p o4p IS _ :Ipa 

[9.3J 1 3 3200 0.020 6.2(-4) -1.69 c 1 

34. IS _ Ipa [9.3] 1 3 3.1(+4) 0.12 0.0037 -0.92 C 1 

3::;. 21'''21' 'ep~'2)3. IS - ("Y.:,!iz)0 

14.037 0 7124000 I 3 1.41(+4) 0.125 0.00578 -0.903 C+ inlerp. 

36. -2p o-2p Sep?d3s IS _ (~,~)O 

13.776 0 7259000 1 3 1.1(+4) 0.098 0.0044 -1.01 C+ inlerp. 

37. 2pb_2p'3d IS _ :Ipo 

12.805 0 7809400 1 3 1200 0.0091 3.8(-4) -2.04 C inlerp. 

38. IS _ :IDo 

12.659 0 7899500 1 3 1.1(+5) 0.80 0.033 -0.10 C inlerp. 

39. IS _ Ipa 12.436 0 8041200 1 3 3.2(+5) 2.2 0.090 0.34 C interp. 

40. 2pb_2p5ep~d4s IS _ (%,~)O 

10.417 0 9599700 I 3 4700 0.023 7.9(-4) -1.64 C 1 

41. 2p"-2p 5(2P?I2)4s IS _ (~,~)O 

10.306 0 9703100 1 3 5100 0.024 8.3(-4) -1.61 C 1 
" 

42. 2p o-2p"'4d IS _ :Ipo 

[10.2] 1 3 700 0.0033 1.1(-4) -2.48 D 1 

13. IS _ :100 

10.102 0 9899000 1 3 9.4(+4) 0.43 0.014 -0.37 C 1 

44. IS _ Ipa 9.97 0 10000000 1 3 1.1(+5) 0.49 0.016 -0.31 C 1 

45. 2p b_ IS _ (*,Yf)O 

2p sepr/2)5s 

I 3 0.0064 -2.19 D 3 

46. 2p 0-2p 5ep?d5s IS _ (~,~)O 

1 3 0.0034 -2.47 D 3 

47. 2p"-2p s5d IS _ :lDO 

0.236 0 10830000 1 3 31(+4) 0.12 0.0036 -0.92 D 3 
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TRANSITION PROBAB-ILITIES FOR IRON, COBALT, AND NICKEL 541 
Ni XIX: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A.) E;(cm-I) Ek(cm- 1) Aki (l08S- 1) f;k S(at.u.) log gf 
Accu. 

Source 
array --

g; g. 
racy 

48. 15_- Ipo 9.130 0 10950000 1 3 - 4.8(+4) 0.18 0.0054, -0.74 D 3 

.49. 2p b -2p s(lP;\ld6s IS ~ (~,~)O 

1 3 0.0032 -2.49 D 3 

50. 2pb-2p sePB2)6s IS _ (Y.!,~)O 

1 3 0.0017 -2.77 D 3 

51. 2pb:""2p 56d IS _ "Do 

8.838 0 11310000 1 3 1.7(+4) 0.058 0.0017 -1.24 D 3 

52. IS _ IpO 8.725 _0 11460000 1 3 2.8(+4) 0.097 Q.0028 -1.01 D 3 

53. 2p5fp~;2)3s- (%,~)O _:Jg 
2p~3p 

[406.6] 5 3 30 0.045 0.30 -0.65 C 1 

54. (%,y'!)O - ~D 

[335.4] 5 7 60 0.14 Q.78 -0.15 C 1 
[362.4] 5 5 22 0.043 0.26 -0.66 C 1 

55. (%,~)O _ 3p 

[308.1] -5 5 43 0.061 0.31 -:-0.51 C I 
[346.6] 3 3 52 0.094 0.32 -0.55 C 1 
[274.1] 3 1 85 0.032 0.0f36 -1.02 C 1 

56. (%.Y.!)O- ID 

[221.4] 5 5 0.97 7.1(-4) 0.0026 -2.45 D 1 

57. (~~)O - IS 

[179.7] 3 1 140 0.023 0.040 -1.17 C 1 

58. 2p Sep?d3s- (~,~)O __ 3D 

2p~3p 

[326.1J· 1 3 40 0.19 0.21 -0.72 C 1 
[338.3J 3 3 20 0.034 0.11 -0.99 C 1 

- 59. (~Jl)O-- 3p 

[431.5] 3 1 7.8 0.0073 0.031 -1.66 C 1 

60. (Y.!Jl)O _Ip 

[384.7] 3 3 24 0.053 0.20 -0.80 C I 
[369.0~ 1 3 17 0.10 0.13 -0.98 C I 

61. (Y.!.}})O - ID 

[332.4] 3 5 62 0,17 0.56 --0.29 C ) 

62. (~.}})O _ IS 

[236.2] 3 1 140 0.039 O'{)91 -0.93 C 1 
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Ni XIX: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A) r..~(cm-I) Edcm- I) Ati (l08S - I) fit S(at.u.) log gf 
Accu-

gi gt Source array racy 

63. 2s2l'3s- :IS _ :Ipo 349.2 3 9 57 0.310 1.07 -0.031 C 1 
2s2p b 3p 

[333.8] 3 5 69 0.19 0.63 ":"0.24 C 1 
[368.6J 3 3 43 0.088 0.32 -0.58 C 1 
[375.5J 3 1 47 0.033 0.12 -1.00 C 1 

64. 2s2pb3s- :IS _ :Ipo 39.2 3 9 3850 0.266 0.103 -0.098 C 1 
2s2pb4p 

[39.1J 3 5 3900 0.15 0.058 . -0.35 C 1 
[39.3] 3 3 3600 0.083 0.032 -0.60 C 1 
[39.3J 3 1 4300 0.033 0.013 -1.00 C 1 

65. :15 _ IpO 

[39.0J 3 3 690 0.016 0.0061 -1.33 0 1 

66. IS _ :Ipo 

[40.2J 1 3 7500 0.55 0.072 -0.26 0 I 

67. IS _ Ipo [40.0] 1 3 3600 0.26 0.034 -0.59 C 1 

68. 2p 53p-2p53d :IS _ :Ipo 238.4 3 9 80 0.20 0.48 -0.21 C 1 

[232.9J 3 5 55 0.075 0.17 -0.65 C 1 
[244.0] 3 3 100 0.089 0.22 -0.57 C 1 
[250.4J 3 1 120 0.038 0.093 ":"0.95 C 1 

69. 35 - :100 

[221.4J 3 5 4.6 0.0056 0.012 -1.77 0 1 

70. :lD _ :Ipo 

[503.4J 3 1 0.67 8.5(-4) 0.0042 -2.59 0 1 
[250.4] 5 5 13 0.012 0.050 -1.21 0 1 

71. 30 _ :IFo 

[264.2J 7 9 110 0.15 0.90 0.02 C 1 
[246.6J 5 7 120 0.15 0.62 -0.12 C 1 
[267.8] 3 5 2.4 0.0043 0.011 -1.89 C 1 

72. 30 _ 300 

[242.8J 7 7 28 0.025 0.14 -0.76 C 1 
[237.2] 5 5 50 0.042 0.16 -0.68 C 1 

73. 'D - IDo 

[261.4] 3 5 100 0.17 0.44 -0.29 C 1 

74. 30 _ IFo 

[185.9] 7 7 1.4 ,7.3(-4) 0.0031 -2.29 0 1 

75. 3p _ :Ipo 

[285.2] 5 5 37 0.045 0.21 -0.65 C 1 
[301.9] 5 3 10 0.0082 0.041 -1.39 C 1 
295.1 3 1 1.1 4.8(-4) 0.0014 -2.84 0 1 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL- 543 
Ni XIX: Allowed transitiorui-<:Ontinuea 

No. 
' Transition 

Multiplet X(A) f..~(cm-I) Edcm- 1) Ad108g- 1) ju, S(at.u.) loggf 
Accu. 

Source 
array 

gi gk 
racy 

76. 3p _ 300 

- [259.5] 5 7 100 0.14 0.60 -0.15 C 1 
[255.6J 3 5 82 0.13 0.34 ~O.40 C 1 

77. 3p _ 100 

[198.2] 5 5 6.1 0.0036 0.012 -1.75 C 1 

78. Ip _:IFo 

[244.5] "~ 3 5' 120 0.18 0.43 -0.27 C 1 

'79. 10 _aro 

[271.6J 5 5 14 0.015 0.069 -1.11 C 1 

80. 10 - IDo [~65;OJ 5 5 12 0.013 0.055 -1.20 C 1 

81. ID _ IFo [260.2] 5 7 120 0.17 0.73 -0.07 C 1 

82. 2s2pb 3p-: apo _ 3D 

2s2pb 3d 

[272.71 5 7 llO 0.17 0.77 -0.07 C 1 
[256~1] 3 5 92 0.15 0.38 -'0.34 C 1 
[254.6] 1 3 76 0.22 0.19 -0.65 C 1 

83. 3po _ ID 

[226.6] 3 5 20 0.026 0.057 -1.11 C 1 

84. Ipo"_ 3D 

[289.7J 3 5 6.1 0.013 0.037 -1.42 C 1 
[293.0] 3 3 5.2 0.0067 0.019 -1.70 C 1 

85. IpO -"'D [252.5] 3 5 130 0.21 U.!>:l -U.21 C I 

86. 2P"'3p- 3S _ (~,~)O 
2pS(2P~d4s 

[45.3] 3 5 1000 0.051 0.023 -0.81 C 1 
[42.6] 3 3 72 0.0020 8.2(-4) -2.23 D 1 

87. 3D _ (~,Y.!)O 

[46.4] 7 5 2600 0;060 0.064 -0.38 C 1 
[46.6J 3 3 580 0.019 0.0087 -1.25 C 1 

8K 3p _ (%,y'!)O ". 

[47.0] 5 5 1100 0.036 0.028 -0.74 _C 1 
[45.2] I 3 110 0.013 0.0019 -1.89 n I 

89. Ip _ (%,~)O 

[ 45.8J 3 3 840 0.026 0.012 -LIO C 1 

90. ID - (-J~,~)O 

I 
[50.0] ~ ~ 10 3,7(-4) :-U(-4) -2.n D I 
[46.7] 5 3 3100 0.061 0.047 -0.52 C I 
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Ni XIX: Allowed transitions-Continued 

No. 
Transition 

Multiplet A(A) f.:. (cm- I) E.(cm- I ) Aki (l08S- 1) fik S(at.u.) 
Accu· 

gi gk loggf Source array racy 

91. IS _ (%,~)O 

[49.5] 1 3 570 0.063 0.010 -1.20 C 1 

92. 2p53p- ;IS - (Vz,li)O 

2p Sep ?d'h 

[45.2] 3 3 45 0.0014 6.2(-4) -2.38 0 1 
[42.6] 3 1 93 8.4(-4) 3.5(-4) -2.60 D 1 

93. 3D - (Vz,Vz)O 

[45.8] 5 3 1300 0.025 o.ois -0.91 c 1 
[46.6] 3 1 3500 0.038 0.017 -0.94 C 1 

94. 3p _ (~,~)O 

[46.9] 5 3 1500 0.030 0.023 -0.83 C 1 

95. Ip _ (Vz,li)O 

[45.9] 3 1 1700 0.018 0.0081 -1.27 C 1 

96. IS-(Vz,}W 

[53.1] 1 3 390 0.049 0.0086 -1.31 C 1 

97. 2p53p-2p 14d 3S _ :lpO 40.6 3 9 4740 0.352 0.141 0.023 C 1 

[40.5] 3 5 3000 0.12 0.049 -0.43 C 1 
[40.7] 3 3 6400 0.16 0.064 -0.32 C 1 
[40.7] 3 1 8400 0.070 0.028 -0.68 C 1 

98. 3S _ ;100 

[40.4J 3 5 110 0.0045 0.0018 -1.87 0 1 

99. :IS _ IDo 

[38.3] 3 5 170- 0.0062 0.0024 -1.73 C I 

100. 3D _ :lpO 

[41.2] 5 3 930 0.014 0.0096 -1.15 C 1 

[44.4] 3 1 310 0.0031 0.0013 -2.04 D 1 

[41.0] 5 5 950 0.024 0.016 -0.92 C 1 

101. 3D _ :Iro 

41.13 7 9 9300 0.30 0.29 0.33 C 1 
[41.6J 3 5 150 0.0065 0.0027 -1.71 D ) 

102. 3D _ Iro 

[41.0] 5 7 7100 0.25 0.17 0.10 C 1 

103. ;10 _ .100 

[41.2] 7 7 1600 0.041 0.039 -0.55 C 1 
[40.9] 5 5 2400 0.060 0.041 -0.52 C 1 

104. 3D _. IDo 

[41.5] 3 5 7800 0.34 0.14 0.00 C 1 
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TRANSITION. PROBABILITIES FOR IRON, COBALT, AND NICKEL 545 
Ni XIX: Allowed transitions-,--Continued 

Transition 
Multiplet MA) f-:(cm-J

) Edcm- 1) Aki(108s- l ) t* S(at.u.) log gf 
Accu-

Source No. gi gk 
array racy 

105. 3D _ l.pO 

[41.1] 3 3 1300 0.033 0.013 -1.01 C 1 

106. :lp _ :ipO 

[41.9] 5 5 3900 0.10 0.071 -0.29 C 1 
[42.0] 5 3 1400 0.022 0.015 -0.95 C 1 
[41.8] 3 1 190 0.0017 6.8(-4) -2.30 D 1 

107. 3p_ :IFo 

[39:3] 3 5 50 0.0019 7.5(-4) ..,....Q.24 D 1 
-

108, 3p":' IFo 

[41.9] 5 7 100 0.0037 0.0025 -1.73 D I 

109. ;lp _ :iDO 

[41.7] 5 7 7500 0.27 0.19 0.14 C I 
[41.5] 3 5 5800 0.25 0.10 -0.13 C 1 
[42.3] 1 3 3800 0.31 0.043 -0.51 C 1 

110. Ip _ 3pO 

[43,4] 3 5 33 0.0016 6.7("':'4) -2.33 D 1 

111. Ip _ 3Fo 

[41.0] 3 5 7000 0.29 0.12 -0.05 C I 

112. Ip ~ IpO [40.5] 3 3 2100 0.052 0.021 -0.81 C .1 

113. ID _ 3po 

[44.2] 5 5 43 0.0013 9.2(-4) -2.20 D 1 

114. ID_:iFO 

[ 41.6J 5 7 9200 0.33 0.23 0.22 C 1 
[41.7] 5 5 1400 0.036 0.025 -0.74 C 1 

115. ID - IDo [41.6] 5 5 950 0.025 0:017 -0.91 C 1 

'116; IS _3Do 

[46.0J 1 ::$ 1100 U.lO U.U16 -0.98 C 1 

117; IS _ IpO [43.4J 1 3 4000 0.34 0.048 -0.47 C 1 

118. ZsZp·3d- . 'D - 'po 

2s2pb 4p 

[52.9J 7 5 970 0.029 0.035 -0.69 C 1 
[53.1] 5 3 840 0.021 0.019 -0.97 C 1 
[53.1J 3 1 1200 0.017 0.0089 -1.29 C 1 

119. ID _ 3pO 

[54.6] [) :1 lHO O.OO4f1 4l.l)()4;{ .- J.h:!. J) 

120; . ID _ IpO [54.1] fl :1 1200 0.0:12 o.o:m -~(UIO c I 
-. -<- «'« J •. _ .... I" .. \ ....... " ... 

• The number in parentheses following the tabulated value indicatell the pOWl~r of ten by which Ihili vulllfl hus 10 lltl Jlluhil'liefJ. 
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FUHR ET AL. 

Nixx 

Ground State 

Ionization Potential [1639] eV = [13220000] cm- 1 

Allowed Transitions 

Oscillator strengths for lines of the multiplet 2s22p5 2pO_ 

2s2po 2S are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et al. [1], which include a per
turbative treatment of the Breit interaction and the Lamb shift. 

and 2p 43d configurations are available in the literature, but they 
have not been tabulated here because of possible errors in their 
classifications and LS-coupling designations (see, e.g., Fe XVIII). 

References 
All other data are interpolated from the comprehensive calcu

lations of Chapman and Shadmi [2], who employed Hartree-Fock 
wave functions including the principal configuration mixing and 
calculated individual oscillator strengths in intermediate coupling. 
Wavelengths and energy levels for transitions to states of the 2p 43s 

[1] Cheng, LT., Kim, Y .. K., and Desclaux, J. P., At. Data Nue!. Data Tables 24, 
III (1979). 

[2] Chapman, R. D., and Shadmi, Y., J.Opt. Soc. Am. 63, 1440 (1973). 

Ni xx: Allowed transitions 

No. 
Transition 

Multiplet A(A) t..:(em- I
) E.(cm- 1) A.; (l08S - 1) j;. S(at.u.) log gf 

Accu. 
Source array 

g; gk 
raey 

1. 2s 22p·'-2s2p 6 2pO _ 2S 86.66 48000 1202000 6 2 1450 0.0544 0.0932 -0.486 C+ 1 

83.17 0 1202000 4 2 llOO 0.0571 0.0625 -0.641 C+ 1 
94.49 144000 1202000 2 2 368 0.0493 0.0307 -1.006 C+ 1 

2. 2s22p5- 2pO _ 45 

2s2psCPO)3p 

4 4 0.0018 -2.14. E interp. 

3. 2pO _ 2p 

4 4 0.076 -0.52 E inlerp. 

4. 2pO _ 25 

4 2 0.024 -1.02 E interp. 

2 2 0.13 -0.59 E inlerp. 

5. 2s 22p5- 2pO _ 2D. 

2s 2p'(pO)3p 

4 6 0.070 -0.55 D interp. 

2 4 0.24 -0.32 E inlerp. 
4 4 0.030 -0.92 E interp. 

6. 2pO _ 2p 

4 2 0.014 -1.25 E inlerp. 
2 2 0.14 -0.55 E inlerp. 

4 2 0.010 -1.40 D inlerp. 

2 4 0.18 -0.44 E interp. 

7. 2pO _ 25 

4 2 0.0013 -2.28 E inlerp. 

2 2 0.014 -1.55 E inlerp. 

8. 2p 5_2p 4CP)3s 2pO _ 4p 

2 4 0.0030 -2.22 E inlerp. 

4 4 4.8(-4)" -2.72 E inlerp. 

2 2 7.8(,.-5) -3.81 E interp. 
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TRANSITIONPROBAB ILITI ESFORI RON,COBAL T, AND NICKEL 541 
Ni xx: Allowed transitions-Continued 

No. 
Transition' 

Multiplet X(A) f..~(cm"'l) Ek(cm- 1) Aki (l08S - 1) f;k S(at.u.) log gf 
Accu-

,Source 
array 

gi g. 
racy 

9. 2pO _ 2p 

4 4 0.0029 -1.94, E interp. 

2 2 0.036 -;-1.14 D interp. 
4 2 0.030 '--0.92 D interp. 
2 4 0.0015 -2:52 E interp. 

10. 2l'-:-2p4CD)3s 2po_ 2D 

4 6 4.7{--:-5) -3.73 E interp. 

2 4 0.077 -0.81 0 interp: 
4 4 0.0037 -1.83 E interp. 

11. 2p s -2p 4eS)3s 2po _ 2S 

4 2 0.026 -0.98 D interp. 
2 2 0.032, -1.l9 D interp. 

12. 2ps ~2p 4CP)3d 2pO _ 4[) 

" 
4 6 0.020 -1.10 E interp. 
2 4 0.0025 -2.30 E interp. 
4 4 0.023 -1.04 E interp. 

13. 2pO _ 4p 

2 2 4.2(-4) -3.08 E interp. 
4 2 0.0039 -1.81 E ;-·erp. 

14. 2pO _ 4F 

2 4 0.0072 -1.84 E illterp. 
4 4 0.0077 ~1.51 E interp. 

'15. 2po _ 2p 

4 4 O.OOll -2.36 E interp. 
2 4 0.036 -1.l4 E interp. 

16. 2p s':'2p4CD)3d 2po_ 2F 

4 6 0.12 '--0.32 E interp. 

17. 2pO,~ 2p 

4 4 0.015 -1.22 E intelp. 
2 0.52 0.02 E intcrp. 

4 2 0.024 -1.02 E interp. 
2 4 0.11 -0.66 E interp. 

18. 2po _2S 

4 2 1.8(-4) -3~14 E interp. 
2 2 0.060 -0.92 E interp: 

'19. 'po -'D 

2 4 '0.55 0.04 E interp. 

20. .2p 5-2p4eS)3d 2po _ 20 

4 6 0.041 -0.79 f: intup. 

21. 2s 22p 5_2p b3d 2pO _ 20 

II I,"ii'" 4) ;tl'i ~; '1~IHt'il' 
it I """,., I,<i/ ,.; '1Ii1NI' 

.. 'l! n,I}O:1II I ,11:':~ IE lilllt'tP 
~·F ___ ._~ ____ T' ____ 

• The number in parentheses following the tabulated value iodicllte~ tlw I'0wftr of H'fI hy whichthix VIl\W' lUI" til h" Ulllhil'h".1. 
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548 FUHR ET AL. 

Ni XXI 

Ground State 

Ionization Potential [1747] eV = [14091000] cm- 1 

Allowed Transitions 

Reference Oscillator strengths for 2s-2p transitions are the results of the 
multiconfiguration Dirac-Fuck (MCDF) (;alculation~ of Chene; ct al. 

[1] . These relativistic calculations include a perturbative treatment 
of the Breit interaction and the Lamb shift. The results should be 
quite accurate, except in the case of intercombination transitions, for 
which the f-values should be considered rather uncertain. 

[1] Cheng, K. T., Kim, Y.-K., and Desclaux, J. P., At. Data Nucl. Data Tables 24, 
111 (1979). 

Ni XXI: Allowed transitions 

No. 
Transition 

Multiplet X(A) f.~(cm-I) E,(cm- I ) A,; (108s- l ) 
Accu-

g; gk [.k S(at.u.) log gf Source array racy 
/ 

l. 2S22p4_2s2p'~ .~p _ :lpO 96.71 53000 1087000 9 9 640 0.089 0.256 -0.095 C 1 

95.85 0 1043000 5 5 460 0.063 0.099 -0.50 C 1 
100.23 128000 1126000 3 3 143 0.0215 0.0213 -1.l90 C 1 
88.81 0 1126000 5 3 419 0.0297 0.0434 -0.83 C 1 
93.91 128000 1193000 3 I 740 0.0325 0.0301 -l.01l C 1 

109.30 128000 1043000 3 5 115 0.0344 0.0371 -0.99 C I 
96.79 93000 1126000 1 3 190 0.079 0.025 -1.10 C 1 

2. "I' - '1'0 

[68.7] 5 3 180 0.0076 0.0086 -1.42 E I 
[75.2J 3 3 19 0.0016 0.0012 -2.32 E 1 
[73.4J 1 3 24 000:>7 0.0014 -2.24 E 1 

3. ID _ :lpO 

[119J 5 5 33 0.0070 0.014 -1.46 E I 
[109] 5 3 1.0 1.1(-4)" 2.0(-4) -3.26 E 1 

4. ID _ 'po 81.69 5 3 1700 0.102 0.137 -0.292 C 1 

5. IS _ :lpo 

[137] 1 3 11 0.0093 0.0042 -2.03 E 1 

6. IS _ IpO 97.13 1 3 120 0.050 0.016 -1.30 C 1 

7. 2s2p5_2p b :lpO_ IS 

[76.5J 3 I 240 0.0070 0.0053 -1.68 E 1 

8. 'po _ IS 103.33 
1 

3 I 1800 0.098 0.10 -0.53 C 1 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

NixX11 

549 

Ground State 

Ionization . Potential [1882J eV = [15180000J em-I 

Allowed Transitions 

List of tabula ted lines 

Wavelength (A) No. Wavelength (A) No. 

70.2 13 ' 84.06 8' 

70.7 4 84.4 2 
71.5 13 84.8 14 
72~0 8 88.00 12 
73.1 13 89.9 12 

73.9 3 95.1 6,11 
78.5 13 97.2 14 
80.1 13 98.15 6 
80,2 12 QfUi 12 
80.55 8 99.0 15 

,83.8 7 99.8 14 

Oscillator str~ngthsfor transitions of the arrays 2S22p 3-"2s2p4 
, and 2s2p4-2p5are the results ofthemUlticonfigurationDirac-Fock 
(MCDF) calculations of Cheng .et- al. OJ. These relativistic calcu
lations includeaperttirbative treatment oftheBreit interaction and 
the Lamb shift. The results should he qUite accurate, except in the ' 
'cast) of inter combination lines, for which the I-values should he 
considered rather uncertain. (A' few very weak interconibination 
lines have been omitted from'this tabulation.) The 1-va1ue . listed for 

. Wavelength (A) No. Wavelength (A) No. 

100.60 6 127 10 
103 ' 6 128 5 
104 1 137 5 
105 1l,16 ' 146 5 
106.01 1 150 16 

113 10 151 9 
116 15 158 5 
117.91 1 185 9 
123 10.16 225 9 
124 5 
125 16 

the 2s 22p 3 2D~2 - 2s2p4 2S112 transitionisquoted with an uncer~ 
tainty' of 50%. since its magnitude is considerably larger than those 
of the other intercomhination lines. 

Reference 

[1] Cheng, K. T., Kim, Y .• K., and Desclaux, J. P., At. Data NucL Data Tables 24, 
111 (1979). 

Ni XXII: Allowed transitions 

No. 
Transition 

Multiplet A(A) I!.~(cm-I) Edcm- I ) A'i (108s- l ) S(at.u.) 
Accu· 

gi gk fii. log gf Source array racy 

1. 2S22i~-2s2p4 4S0 ~ 4p 111 4 12 193 0.107 0.156 -0.370 C 1 

117.91 0 848100 4 ,6 146 0.0458 0.071 :-0.74 C I 

106.04 0 943040 4 4 236 0.0398 0.056 -0.80 C I 
[104J 4 2 263 0.0213 0.0292 -1.070 C I 

2, 4S0 :.. 2D 

, . [84.4J 4 4 48 0.0051 0.0057 -' 1.69 . E 1 

3. 4S0 _ 2S 

[73.9J 4 2 39 0.0016 0.0016 -2.19 E 1 

4. 4S0 _ 2p 

[70.7J 4 4. 77 0.0058 0.0054 -1.63 E 1 

5. 2Do _ 4p 

[158J 6 6 4.3 0.0016 0.0050 -2;02 E 1 
[128J 4 4 2.8 7.0(-4)" 0.0012 -2.55 E 1 
[l37J 6 4 l.l 2.1{-4) 5.7(-4) -2.90 E 1 
[124] 4 2 7.3 8.4{-4) 0.0014 -2.47 E 1 

[146J 4 6 13 0.0063 0.012 -1.60 E 1 
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550 FUHR ET AL. 

Ni XXII: AUowed transitions-Continued 

No. 
Transition 

Multiplet ).(A) A~(cm-l) Edcm- I ) Aki (108s- l ) fik S(at.u.) log gf 
Accu-

gi gk Source array racy 

6. 200 _ 2D 99.61 10 10 450 0.067 0.22 -0.17 C- 1 

100.60 6 6 390 0.059 0.12 -0.45 C 1 
98.15 4 4 520 0.075 0.097 -0.52 C 1 

[103J 6 4 0.48 5.1(-5) 1.0(-4) -3.51 E 1 
[95.l] 4 6 1.2 2.4(-4) 3.0(-4) -3.02 E 1 

7. 2Do _ 25 

[83.8J 4 2 .570 0.030 0.033 -0:92 D 1 

8. 2Do _ 2p 78.6 10 6 1100 0.062 0.16 -0.21 C 1 

84.06 6 4 1200 .0.084 0.14 -0.30 C 1 
[72.0J 4 2 288 0.0112 0.0100 -1.349 C 1 
80.55 4 4 124 0.0121 0.0128 -1.315 C 1 

9. 2pO _ 4p 

[225J 4 6 0.29 3.3(-4) 9.8(-4) -2.88 E 1 
[185] 4 4 2.7 0.0014 0.0034 -2.25 E 1 
[151J 2 2 5.3 0.0018 0.0018 -2.44 E 1 

10. 2pO _ 20 119. 6 10 59 0.0210 0.0493 -0.90 C- 1 

[123] 4 6 68 0.0233 0.0377 -1.031 C 1 
[113] 2 4 31.1 0.0119 0.0089 -1.62 C 1 
[127J 4 4 6.6 0.0016 0.0027 -2.19 0 1 

11. 2po _ 2S 101 6 2 390 0.02(j 0.040 -0.92 C- 1 

[105] 4 2 15 0.0012 0.0017 -2.32 D 1 
[95.1J 2 2 . 450 0.061 0.038 -0.91 C I 

12. lpO _ 2p 91.2 6 6 530 0.066 0.119 -0.402 C- 1 

[98.6] 4 4 105 0.0153 0.0199 -1.213 C 1 
[80.2] 2 2 40 0.0039 0.0021 -2.11 D 1 
88.00 4 2 1200 0.068 0.079 -0.57 C 1 

[89.9] 2 4 123 0.0297 0.0176 -1.226 C 1 

13. 2s2p 4_2p 5 4p _ 2po 

[73.1] 6 4 54 0.0029 0.0042 -1.76 E 1 
[70.2] 4 2 6.2 2.3(-4) 2.1(-4) -3.04 E 1 
l78.5] 4 4 36 0.0033 0.0034 -1.88 E 1 
[71.5J 2 2 16 0.0012 5.6(-'4) -2.62 E 1 
[80.1] 2 4 12 0.0023 0.0012 -2.34 E 1 , 

14. 20 _ 2po 94.0 10 6 710 0.056 0.174 -0.250 C 1 

[99.8] 6 4 497 0.0495 0.098 -0.53 C I 
[84.8] 4 2 500 0.0271 0.0303 -0.96 C 1 
[97.2J 4. 4. 2f>2 O.O:\f>7 O.04f>7 -O.Rf> C I 

15. 25 _ 2po 109 2 6 105 0.056 0.0402 -0.95 C- 1 

[116] 2 4 115 0.0463 0.0354 -1.033 C I 
[':1':1.0] 2 2 50 0.0074 0.0048 -1.83 0 1 

16. 2p _ 2po 124 6 6 480 0.11 0,27 -0.18 C 1 

[125] 4 4 340 0.080 0.13 -0.49 C 1 
[123] 2 2 370 0.085 0.069 -0.77 C 1 
[lOS] 

I 

4 2 530 0.0435 0.060 -0.76 C 1 
[150] 2 4 15.7 0.0106 0.0105 -1.67 C 1 

L ----

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKI!L 

Ni XXIII 

551 

<.;round State 

Ionization Potential [2003] eV = [I 61 56000]cm -1 

Allowed Transitions 

List of tabulated lines 

Wavelength (A.) No. Wavelength (A) No. 

69.6 16 90.5 24 
73.4 6 91.5 17 
76.4 6 91.83 4 

76.8 16 92.7 3 
77.7 21 98.2 20 
79.3 4 98.9 15 

82.9 5 100 3 
83.6 18 101 10,20 

86.6 18 102 17 
86.7 5 103 3,17 
86.9 4 105 3 
87.3 II 106 3,19 
89.8 17 107 9,17 

90.2 17 108 19 

Oscillator strengths for transitions of the arrays 2s22p"'-2s2p" 
and2s2p3_2p 4 are the results ofthe multiconfiguration Dirac·Fock 
(MCDF) calculations of Chenget al. [1] .. These· relativistic calcu
lations include a perturbative treatment of the Breit interaction and 
the Lamb shift. The results should he quite accurate, except in the 
case of intercombination lines, for which the f-values should he 
considered rather uncertain. (A few very weak intercomhination 
lines have been omitted from this tabulation.) TheI-value listed for 
the 2s22p2 '~P!l-2s2p3 ID~transition is quoted with an uncertainty 

Wavelength (A) No. Wavelength (A.) No. 

109 3 144 25 
ilO 19 160 28 
Iil 19 162 13 

112 2,29 163 7.22 
120 23 174 7 
125 14 176 7 

126 19 179 25 
127 2 186 27 

128 2,8,26 216 1 
130 19 230 12 
133 8 244 I 

134 22 248 27 
136 2 
137 2,22 

50%, since its magnitude is considerably larger than those of the 
other intercomhination lines. . 

The remaining/-values were derived by interpolation from graphs 
of systematic trends along the isoelectronic sequence. 

Reference 

[I] Cheng, K. T., Kim, Y .. K., and Desclaux, J. P., At. Data Nucl. Data Tables 2< 
]]] (1979). 

Ni XXIIl: Allowed transitions 

No. 
Transition 

Multiplet X(A} E;(cm-') Ek(cm- I ) A'i (108S - I ) !i* S(at.u.) loggf 
Accil~ 

Source 
array 

gi gk 
racy 

1. 2.< z'lp2_2 .• 'lp3 :lp _ "SO 

[244J 5 5 0.62 5.5(-4)" 0.0022 -2.56 E I 
[216] 3 5 0.81 9.4(-4) 0.0020 -2.55 E 1 

2. :lp _.1Do 126 9 15 100 0.040 0.15 -0.44 D I 

[128J 5 7 75 0.0257 0.054 -0.89 C 1 

[127] 3 5 120 0.0482 0.060 -0.84 C I 
[llZ] l S no 0.09B 0.056 -l.01 C 1 

[136] 5 5 1.0 2.8(-4) 6.3(-4) -2.85 E 1 

[127] 3 3 5.0 0.0012 0.0015 -2.44 0 I! 137 5 3 2.0 3.3(-4) 7.4(-4) -2.78 E 

J~ Phys. Ctlem. Ref. Dato,Vol. 10, No. 2, 1981 



552 FUHR ETAL. 

Ni XXIII: Anowed transi~-Continued 

No. 
Transition 

Multiplet X(A) Edcm- I) E,(cm- 1) A'i(l08S- 1) fi. S(at.u.) log gf Accu· 
gi g. Source array racy 

3. 3p _ 3pO 101- 9 9 302 0.0490 0.151 -0.356 C- 1 

[106] 5 5 287 0.0484 0.084 -0.62 C I 
[103] 3 3 241 0.0384 0.0391 -0.94 C 1 
(109] 5 3 29 0.0031 0.0056 -1.81 D 1 
[l05] 3 1 292 0.0161 0.0167 -1.316 C I 
[100] 3 5 L2 2.9(-4) 2.9(-4) -3.06 E I 

[92.7] 1 3 45.3 0.0175 0.0053 -1.76 C I 

4. 3p _ :iSO 88.6 9 3 1180 0.0465 0.122 -0.379 C I 

91.83 5 3 750 0.057 0.086 -0.55 C 1 
[86.9] 3 3 284 0.0322 0.0276 -1.015 C 1 
[79.3] 1 3 109 0.0308 0.0080 -1.51 C ) 

5. 3p _ IDo 

[86.7] 5 5 120 0.014 0.020 -1.15 D 1 
[82.9] 3 5 7.0 0.0012 9.8(-4) -2.44 E 1 

6. 3p _ IpO 

[76.4] 5 3 5.1 2.7(-4) 3.4(-4) -2.87 E 1 
[73.4] 3 3 73 0.0059 0.0043 ' -1.7S E 1 

7. ID _ 3Do 

[163] 5 7 15 0.0086 0.023 -1.37 E 1 
[174] 5 5 0.40 1.8(-4) 5.2(--4) -3.0S E 1 
[176] S 3 2.8 7.8(-4) 0.0023 -2.41 E I 

8. ID _ :ipO 

[128] 5 5 1.9 4.7(-4) 9.9(-4) :-2.63 E 1 
[133] 5 3 2.S 3.9(-4) 8.5(-4) -2.71 E 1 

9. ID _ :i50 

[107] S 3 7.1 7.3(-4) 0.0013 -2.44 E 1 

10. ID_ IDo [101] 5 5 540 0.083 0.14 -0.38 C I 

11. ID _ IpO. [87.3] 5 3 850 0.058 0.083 -0.54 C I 

12. IS _ :iDo 

[230] I 3 0.67 0.0016 0.0012 -2.80 E 1 

1::\. I~ _ 3pO 

[162] I 3 2.4 0.0028 0.0015 -2.S5 E I 

14. IS _ ,lgO 

[125] 1 3 11 0.0075 0.0031 -2.12 E 1 

IS. IS _ Ipo ·[98.9] I 3 220 0.096 0.031 -1.02 C I 

16. 2s2p3_2p 4 550 _ 3p 

[76.8] S 5 31 0.0027 0.0034 -l.87 E 1 

69.6 5 3 3.9 1.7(-4) 1.9(-4} -3.07 E I 

J.PhyS. Chem. Ref. Data, Vol. 10, No. 2, 1981 



No; 
Transition 

array 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26, 

Z-{. 

28. 

29. 

30. 2p'-2p3, 

31. 

TRANSITION PROBABILITIES FOR. IRONi COBALT, AND NICKEL 553 

Muhip!et X(A) 

3pc _:lp 98;6 

\ tlO7] 
[90.2} 
[91.5] 

[103) 
[89.8) 

[102] 

4Do,_ lD 

, 
(Rnb) 
[83.6) 

"po _,:'p 119 

[130] 
(108] 
[Ill] 
(llOj 
[126} 
[106] 

3pO _ 'D 

[lUi) 

[98;2J 

1'Jp()'-_.IS 

[77.7] 

:tso _ 3p ]19 

[163) 
[134J 
[137] 

:\So, _ 10 

[120] 

"so _ IS 

[90.5J 

Ino _ "P 

[179) 
(144) 

'00 _ 1D [128) 

j:ro - "y 

[248) 
[l86] 

'po -'10 (160) 

lpo _ IS [ll2] 

;"p _ :!po 

\ '0 _ 'po 

Ni x..X1\l; Allowed transitions~Continued 

J.~(cm-l) "~(cm-I) g, g. 

IS 9 

7 5 
5 3 

3 I 

5 5 
3 3 
3 5 

7 5 
5 5 

9 9 

5 5 
3 3 
5 3 
3 I 
3 5 
1 3 

, , 
3 5 

3 1 

3 9 

3 5 

3 3 
3 \ 

3 5 

3 I 

5 5 
5 3 

5 5 

3 5 
3 .3 

3 5 

3 I 

9 9 

5 3 

A,,(IO's-l] I !. S(at.u.) log gf 
Accu-

Source 
racy 

I 

540 0.0474 0.231 -0.146 C I 

340 0.0417 0.\03 -0.53 C I 
254 0.0186 0.0276 -1.032 C 1 
447 0.0187 OJll69 -1.2S1 C I 
180 0.0286 0.0485 -0:84 C I 
179 0.0217 0.0192 -1.186 C I 

61 0.0158 0.0159 -1.324 C I 

92 OJJ074 oms -1.29 E 1 
9.5 0.0010 0.0014 -2.30 E I 

156 0.0332 -0.52 c- I 

40.7 ' 0.0103 0.0220 -1.288 C I 
8.6 0.0015 0.0016 -2.35 0 1 

222 0.0246 0.0449 -0.91 C II 

232 0.01<\(\ 0.0152 -1.377 C I 
44.9 O'(H?S 0.0222 -1.272 C 1 
65 0.0329 O.01l5 -1.483 C I 

fill 0.0089 0.015 -\.35 E \ 
24 0.0058 0.0056 -1.76 E I 

76 0.0023 0.0018 """'2.16 E I 

])8 O.llB 0.174 -0.450 C I 

71 0.0474 0.076 -0.85 C I 
185 0.0497 0.066 -0.83 C I 
255 0.Q2.,9 0.032.3 -U44 C 1 

0.39 1.4(-4) 1.7(-4) -3.38 E I 

71 U.\lUZY U.IJUZ't) -2.\)t) " I 

9.8 OJ>047 0.014 -1.63 E I 
8.0 0.0015 0.0036 -2.12 E I 

407 0.100 0.2ll -0.301 C I 

1.2 0.0018 0.0044 -2.27 E \ 
It 0.0055 0.0\0 -1.78 E I 

59 0.0378 0.060 -0.95 C I 

1000 0.063 0.070 -0.72 C I 

0.048 -0.36 P inJerp. 

0.040 -0.70 0 inteT . p 

J. Phys. Chern. ReI. Data, VOI.JO. No.2d98' 
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Ni ~Xlll: Allowed transitions-Continued 

Transition 
I 
! 

A(A) Ei(cm- l
) Edcm- I ) A.li(108S- I ) 

Accu· 
No. Multiplet gi gk jk S(at.u.} log gf Source 

array racy 

32. 2p2_2p3d ID - IFo 5 7 0.95 0.68 D interp. 

33. 2p3s-2p3p ~po _ :ID 9 15 0.081 -0.14 D interp. 

34. :lpO _:IS 9 3 0.Ql8 -0.79 D interp. 

35. :lpO _ :Ip 9 9 0.065 -0.23 D interp. 

36. IpO _ Ip 3 3 0.047 -0.85 D interp. 

37. IpO _ ID 3 5 0.13 -0.41 D in/erp. 

38. 2p3p-2p3d Ip _ Ipo 3 3 0.026 -1.11 D interp. 

39. :~D - :lFo 15 21 0.028 -0.38 D- interp. 

40. '0 _ 'po 5 3 5.0(-4) -2.60 E in/erp. 

41. ID _ IFo 5 7 0.10 -0.30 D interp. 

42. IS _ Ipo I R O_Oh~ -1.20 D interp. 

U The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Ni XXIV 

Ground State 

Ionization Potential [2123] eV = [17124000] cm-) 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. 

74.1 7 102.05 3 
74.6 7 103 4,5 

78.2 7 104 3 
86.7 3 106 10 

87.8 6 109 13 
88.0 4 112 5 
90.7 6 118 2 
94.6 6 121 13 

96.8 10 122 5 

96.9 6 125 3 

101 6,10 127 9 

Oscillator strengths for transitions of the arrays 2s22p-2s 2p2 
2s2p fJ-2p 3 are the results of the multiconfiguration Dirac·Fock 
(MCDF) calculations of Cheng et al. [1]. These relativistic calcu
lations include a perturbative treatment of the Breit interaction and 
the Lamb shift. The results should he quite accurate, except in the 
case of intercombination lines, for which the I-values should he 
considered rather un~ertain. (A few very weak .intercombination 
lines have heen omitted from this tabulation.) According to ref. [1], 
the [-value for the 2S22p 2p~/2 - 2s2p2 2D312 transition is smaller 
a factor of about 30 than the corresponding transition in CO XXIII, 

and is ofthe order of 10-6
• This extremely weak "allowed" line has 

thus been omitted from the tabulation. 

J. Phvs. Chern. Ref. Data, Vol. 10, No.2, 1981 

Wavelength (A) No. Wavelength (A) No. 

134 9,16 218 11 

135 9 220 15 

137 13 222 1 

138 2 228 1 

143 9 229 12 

153 16 272 1 

157 13 349 1,14 

160 12 371 11 

174 8 

187 8 

208 12 

According to several sources (see, e.g., introduction to Fe XXII), 

the lower of the two levels '2s'2p2 2pl/2 and ~1/2 is mostly of 2p 
character, having "crossed" the ~1/2Ievel at about V XIX or Cr XX. 

We have thus labeled these two levels accordingly, in contrast to 
their labeling by Cheng et al. [1], which is consistent with their 
ordering at the neutral end of the B sequence. 

A few multiplet f-values were derived by graphical interpolation 
along the isoelectronic sequence. 

Reference. 
[1] Cheng, K. T., Kim, Y.·K., and Desclaux, J. P., At. Data Nucl. Data Tables 24, 

III (1979) and private communication. 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL SS5 
Ni XXIV: Anowed transitions 

Transition MA) Ei(cm- I
) Edcm- I ) Aki (108s- l ) fik S(at.u.) log gf 

Accu-
Source No. Multiplet gi g. 

array racy 

1 ,) .• 22[>-9,91'2 :!po _ ~p 

[228] 4 6 1.4 0.0016 0.0048 -2.19 E 1 
[272] 4 4 0.13 1.4( -4)" 5.0(-4) -3.25 E 1 
[222] 2 2 1.6 0.0012 0.0018 -2.62 E 1 
[349] 4 2 0.18 1.6(-4) 7.4(-4) -3.19 E 1 

2. 2pO _ 20 

[138] 4 6 73 0.0314 0.057 -0.90 C 1 
[118] 2 4 150 0.063 0.049 -0.90 C 1 

3. 2po _ 2p 103 6 6 530 0.084 0.17 -,0.30 C- 1 

102.05 4 4- 540 0.084 O.ll -0.47 C I 
[104] 2 2 470 0.077 0.053 -0.81 C 1 

'[125] 4 2 1.9 2.2(-4) 3.6(-4) -3.06 E 1 
[Rf'L7] 2 4- 68 0.0153 0.0087 -1.51 C 1 

4: 2pO _ 25 97.5 6 2 510 0.0243 0.0468 -0.84 C- I 

[103] 4 2 . 421 0.0335 0.0454 -0.87 C 1 
[88.0] 2 2 21 0.0024 0.0014 -2.32 0 1 

5. 2s2p2_2p a 4p _.450 115 12 4 510 0.0339 0.154 -0.391 C 1 

[122] 6 4 219 0.0326 0.079 -0.71 C 1 

t112] 4 4 168 0.0316 0.0466 -0.90 C 1 
[103] 2 4 131 0.0418 0.0283 -1.078 C 1 

\ 

6: 4p 2Do 

[96.9] 6 6 38 0.0053 0.010 -l.50 E I 
[94.6] 4 4 51 0.0068 0.0085 -1.57 E 1 

[101] 6 4' 6.9 7.0(-4) 0.0014 -2.38 E 1 
[90.7] 4 6 0.86 1.6(-4) 1.9(:-4) -3.19 E 1 
[87.8] '2 4 1.6 3.6(-4) 2.1(-4) -3.14 E 1 

7. 4p _ 2po 

[78.2] 6 4 1.8 1.l(-4) 1.7(-4) -3.18 E 1 
, [74.1] 4 4 4.3 3.5(-4) 3.4(-4) -2.85 E 1 
[74.6] 2 2 3.5 2.9(-4) 1.4(-4) -3.24 E 1 

8. 2D _ 4S0 

[187J 6 4 0.37 1.3(-4) 4.8(-4) -3.11 E 1 
[174] 4 4 3.3 0!0015 0.0034 -2.22 E 1 

9. 20 ~ 200 131- 10 10 177 0.0476 0.210 -0.322 C 1 

0341 6 6 146 0.0393 0.104 -0.63 C 1 
[135] 4 4 81 0.0221 0.0393 -1.054 C 1 
[143] 6 4 61 0.0124 0.0350 -1.128 C 1 
[127] 4 6 52 0.0190 0.0318 -1.119 C 1 

10. to _ 2po ]()2 10 6 280 0.026 0.088 -0.58 C I 

t lOlj h 4 1M 0.0167 0.0:1:1:1 '1.110 C I 
[lOll,! 4 2 :n:.: 0.0:11:1 (l,tH:l? '0.(1) (; I 

1<)h·B! 4 ·l 1,0 O,()OIl,i 11,1111 IA'; C I 

11. 2p _ .so 

(:nlj ,t I O.:il! .' "'" I ",,'''''' :t.~ .. o I': 'I 

218 " ·1 ,I, .. o.oo~:) . O.1I0h~. :.'.Wl I'; I 
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Ni XXIV: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A) f.i(cm- I
) Edcm- I ) A.i (108s- l ) t. S(at.u.) log gf 

Accu· 
Source gi g. 

array racy 

12. 2p _ 200 190 6 10 50 0.045 0.17 -0.57 D 1 

[208] 4 6 37.0 0.0360 0.099 -0.84 C 1 
[160] 2 4 89 0.068 0.072 -0.87 C I 
[229] 4 4 0.48 3.8(-4) 0.0011 -2.82 E 1 

13. 2p _ 2po 131 6 6 240 0.062 0.16 -0.43 0 1 

[137] 4 4 260 0.073 0.13 -0.53 C 1 
[121] 2 2 44 0.0097 0.0077 -1.71 0 1 
[157] 4 2 21 0.0038 0.0079 -1.82 D I 
[109J ' 2 4 36.8 0.0131 0.0094 -1.58 C 1 

14. 25 _ ~o i 

[349] 2 4 0.17 6.2(-4) 0.0014 -2.91 E 1 

IS. 25 _ 2Do 

[220] 2 4 6.4 0.0093 0.013 -1.73 D 1 

16. 25 _ 2po 140 2 6 73 0.064 0.059 -0.89 C 1 

[134] 2 4 28.6 0.0154 0.0136 -1.51 C I 
[153] 2 2 127 0.0447 0.0450 -1.049 C 1 

17. 2p-3s 2po _ 25 6 2 0.019 -0.94 D interp. 

18. 2p-3d 2pO _ 2D 6 10 0.67 0.60 D interp. 

19. 3s-3p 2S _ 2po 2 6 0.15 -0.52 E interp. 

20. 3p-3d 2pO _ 2D 6, 10 0.042 -0.60 E interp. 

• The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. 

Nixxv 

Ground State 

Ionization Potential [2279] eV = [18382000] em-I 

Allowed Transitions 

List of tabulated lines 

Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. Wavelength (A) No. 

9.297 11,12 9.691 22 103 4 165 3 

9.306 10 9.707 21 116 2 190 6 
9.316 10 9.744 17 119 4 238 1 

9.340 9 9.75 17 126 3 283 5 
9.39 8 ');759 20,21 129 3 336 5 

9.41 16 9.776 20 131 7 517 5 
9.601 17 9.860 23 136 3 
9.63 17 9.938 19 151 3 
9.633 17 997 18 158 3 
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Oscillator strengths for transitions of the arrays 2S2_2s2p and 

2s2p,..c.2p 2 are the results of the multiconfiguration Dirac-Fock 
(MCDF) calculations of Cheng et al. [I]. These relativistic calcu
lations include a perturbative treatment of the Breit interaction and 
the Lamb shift. The results should be quite accurate, except in the 
case of intercombination lines, for which the f-values should be con
sidered more uncertain. (The 2s2p 3PP-:2p 2 150 transition has been' 

omitted from this tabulation, since its f-value is considerably smaller 
than those of the other lines of the array.) 

The results of the relativistic random-phase approximation 
(RRPA) :of Lin and Johnson [2] are quoted for the resonance tran
sitions 2S2 iSo-2snp 1,3P?(n = 3,4). Their result forthe 2S2 lSo-

2s 2p I P? transition is in excellent agreement' with the f-value of 
Cheng et al. [1 J. 
, ,Oscillator strengths for' several transitions involving electron 

jumps from the n = 2 shell to the n = 3 shell are from the 
Hartree-XR (Hartree-Fock with statistical exchange and relativistic 
effects) calculations of Fawcett et a1. [3]. Transitions involving the 

levels 3D~ 1 D~ and 3p~ of the configuration 2p 3d are excluded from 
our tabulation, since they are indicated to be severely mixed, in 
Ni xxv (see also the introduction to Fe XXIII). 

A few multiplet f-values were derived by interpolation along the 
Be isoelectronic sequence. 

Transition probabilities are available -in graphical form for several 
transitions involving vacancies in the K sheU [4], but they are not 
tabulated here since relativistic effects were not taken into account .• 
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Ni xxv: Allowed transitions 

No. 
Transition 

Multiplet >-(A) f.;,(cm- I) Ek(cm- I ) Aki(IOBs-1) ik S(at.u.) log gf 
Accu· 

Source gi gk array racy 

, '1. 2s:!-2s~p IS _ :lpO 

(238J 1 3 0.82 0.0021 0.0016 -2.68 D 1 

2. IS _ Ipe [116J 1 3 246 . 0.149 0.0569 -0.827 B 1 

3. 2s2p-2p2 :lpe _ ~P 145 9 9 152 0.0479 0.206 -0.365 B 1 

[lSI] 5 5 77.5 • 0.0265 0.0659 -0.878 B 1 
[136] 3 3 51.2 0.0142 0.0191 -1.371 B 1 
[165J 5 3 49.0 0.0120 0.0326 -];222 B 1 
[158] 3 1 139 0.Ql74 0.0272 -1.282 B 1 
[126] 3 5 70.8 0.0281 0.0350 -1.074 B 1 
(129] 1 3 83.5 0.0625 0.0265 -1.204 B 1 

4. 3pU _ 'D 

[119] 5 5 79 0.0167 0.0327 -1.078 C 1 
[l03J 3 5 7.5 0.0020 0.0020 -2.22 D 1 

5. Ipe _ ~p 

[283J 3 5 5.4 0.0109 0.0305 -1.485 " C 1 
[336] 3 3 0.12 2.1(-4)" 7.0(-4) -3.20 E 1 
[517] 3 1 0.22 3.0(-'-4) 0.0015 -3.05 E 1 

6. Ipe _ 10 [190] 3 5 58.0 0.0523 0.0981 -0.804 B I 

1. Ipo _ IS [131J 3 1 399 0.0342 0.0442 -0.989 B 1 

8; 2S2_2s3p IS _ 3pe 

9.39 0 10600000 1 3 2.85(+4) 0.113 0.00349 -0.95 C 2 

9. IS _ Ipe 9.340 0 10710000 1 3 1.54(+5) 0.604 0.0186 -0.219 B 2 

10. 2s2p-2p3p apo _ 30 

9.306 5 7 7.2(+4) 0.13 0.020 -0.19 D 3 
9.316 3 5 6.9(+4) 0.15 0.014 -0.35 D 3 
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Ni XXV: Allowed transitions-Continued 

No. 
Transition 

Multiplet X(A) J:.:(cm- I) Edcm- 1) Ak.(l08S- 1) fik S(at.u.) log gf 
Accu· 

gi gk Source array racy 

11. 3po _ :Ip 

9.297 5 5 6.2{+4) 0.080 0.012 -0.40 0 3 

12. 3po _ :IS 

9.297 5 3 6.7(+4) 0.052 .0.0080 -0.59 0 3 

13. 2S2_2s4p IS _ :lpo 

1 3 0.032 -1.49 C 2 

14. IS _ IpO 1 3 0.150 -0.824 B 2 

IS. 2J2p 233., 3po 3S 9 3 0.027 -0.01 D tnterp. 

16. Ipo _ IS [9.41] 3 1 1.3(+4) 0.0058 5.4(-4) -1.76 E interp. 

17 ').?1'-2s3d 3pO _ ;ID 

9.744 5 7 3.0(+5) 0.60 0.096 0.48 0 3 
9.633 3 5 2.4(+5) 0.55 0.052 0.22 0 3 
9.601 1 ~ IJ~(+!l) 0.7h 0024 -012 D 3 

9.75 5 5 7.7(+4) 0.11 0.018 -0.26 D 3 
9.63 3 3 1.3(+5) 0.18 0.017 -0.27 0 3 

lB. Ipo:- JD 9.97 3 5 2.4(+5) 0.59 0.058 0.25 0 3 

19. 2p2_2p3d 3p _ :IFo 

9.938 5 7 1.3(+5) 0.27 0.044 0.13 D 3 

20. :lp _ .100 

9.776 5 7 2.9(+5) 0.58 0.093 0.46 0 3 
9.759 I 3 3.0(+5) 1.3 0.042 O.ll D 3 

2L :lp _ :lpo 

9.707 3 3 1.8(+5) 0.26 0.025 -O.ll D 3 
9.759 5 3 7.2(+4) 0.062 0.010 -0.51 D 3 
9.707 3 I 2.5(+5) 0.12 0.012 -0.44 0 3 

')'). 3p _ IFo 

9.691 5 7 5.1(+4) 0.10 0.016 -0.30 D 3 

23. 10 _ IFo 9.860 5 7 4.7(+5) 0.96 0.16 0.68 0 3 

24. 2s3s-2s3p 3S _ apo 3 9 O.ll -0.48 D interp. 

25. IS _ Ipo 1 3 0.050 -1.30 E interp. 

26. 2s3p-2s3d apo _ :'0 9 15 0.025 -0.65 E interp. 

27. Ipo _ 10 3 5 0.043 -0.89 E inte~p. 

• The number in parentheses .foUowing the t~bulated value indicates the power of ten by which this value has to be multiplied. 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 

Ni'xXVI 

559 

Ground. State 

Ionization Potential [2398] eV = [l9342000}cm- 1 

Allowed Transitions 

j.'ransition probabilities for' the strpngest inner-shell transitions to 
uuubly excited'n = 2 states are taken from results of' the Z
expansion. perturbation calculations of Vainshteinand Safrpnova 
[11 Their resUlts are. in good agreement with the multiplet oscillator 
strengths for the. 2pO _

2p and 2po-2D transitions of the 

array which were calculated by Fox and Dalgarno [2] in a Z
expansion approximation that included large.scale configuration in· 
·teraction. 

Oscillator strengths for lines of the principal(2s-'-2p) resonance 
multiplet are the· results" of the multiconfiguration Dirac-Fock 

'(MCDF) calculations of Cheng etaL [3], which include a perturba
tiv'etreatment of the Breit, interaction and the Lamb shift. 

The results of the Hartret:-Xn (Harll·ee·Fuck wiLh otatn.tical ex

change and relativistic effects) calculations of Fawcett et al. [4] are 
tabulated for the 2p-3s and 2p-'-3d transitions. 

The I-value for the 3d-'-4ftransition was taken from a study of 
systematic trends along isoelectronic sequences by Smith and Wiese 
I5J. The tabulated 'data for .the remaining transitions were. taken 
from the theoretical analysis of Martin and Wiese [6], which was 
based on a generalized study of systematic trends for several spectral 
series of thelithiumiso.electronic sequence. 

Results of the relativistic Hartree-Fock calculations of Kim and 
Desclaux [7] for several ions of the Li sequence were incorporated 
into the data of ref; [6] for the 2s-3p transitions. For all other 
transitions for which the data of reL [6J are quoted here, no relativ
istic ··calculations were available. However, the relativistic calcu·' 
lations of Younger and Weiss [8J for the hydrogen isoelectronic 
sequence provide a means of assessing the magnitude of relativistic 
corrections, since the Li sequence is very similar in structure to the 

H sequence. For those transitions for which relativistic effects were 
estimated to be significant (specifically, whenever the ratio of the 
weighted relativistic hydrogenic f-values gJ;k of any two lines within 
a multiplet was found to deviate from the corresponding LS -coupling 
line-strength ratio by more than 5% for the appropriate value of the 
nuclear charge Z), the f-values were excluded from the compilation. 
A more detailed discussion of this comparison is given in ref. [6]. 

Transition probability data are available fot numerous transitions 
involving a vacant K shell [9,10]. None of these data have been 
tabulated, however, since such transition arrays are rather complex 
and all of the lines are concentrated in a very narrow wavele~ 

range. 
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Ni XXVI: Allowed transitions 

No. 
Transition 

Multiplet X(A) t:(cm- 1
) /!.i, (ern-I) i Aki (l08S- I) 

Accu· 
I gi gk jk S(at.u.) log gf Source 

array I racy 

1. Is225- 2S_ 2pO 1.598 2 6 5.6(+6)" 0.65 0.0068 0.11 D 1 
ls2pCPO)2s 

[l,!;Q7] 2 4 6.5(+6) 0.50 0.0052 -0.00 D 1 
[1.599] 2 2 4.0(+6) 0.15 0.0016 -0.51 D 1 

I 

2. Is22.s- 25 _2po 

ls2pCPO)2s 

I 0.11 [1.593] 2 2 2.8(+6) 0.0011 -0.67 D I 
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Ni XXVI: AUowed transitions-Continued 

No. 
Transition 

Multiplet A(A) f.~(cm-I) Ei,(cm- I ) A. i (108s- l ) fit S(at.u.) log gf 
Accu· 

Source gi g. array racy 

3. ls22p-ls2p2 2po _ 2p 

L1.597 J 4 4 8.3{+o) 0.32 0.0007 0.10 0 1 
[1.598J 2 2 7.3(+6) 0.28 0.0029 -0.25 D I 
[1.603J 4 2 2.1(+6) 0.040 8.5(-4) -0.79 0 1 

4. 2po _ 20 

[1.601J 4 6 2.7(+6) 0.16 0.0033 -0.21 0 1 
[1.598J - 2 4 4.5(+6) 0.34 0.0036 -0.16 0 1 

5. 2po _ 2S 

[1.593J 4 2 3.5(+6) 0.067 0.0014 -0.57 D 1 

6. 2s-2p 25 _ 2po 183.37 0 545340 2 6 42.0 0.0635 0.0767 -0.896 B+ 3 

165.42? 0 604520 2 4 57.5· 0.0472 0.0514 -1.025 B+ 3 
234.20 0 426990 2 2 19.9 0.0164 0.0253 -1.484 B+ 3 

7. 2s-3p 25 _ 2po 9.071- 0 11020000 2 6 1.01(+5) 0.375 0.0224 -0.125 B+ 6 

9.061 0 11040000 2 4 9.99(+4) 0.246 0.0147 -0.308 B+ 6 
9.105 0 10980000 2 2 1.04(+5) 0.129 0.00773 -0.588 B+ 6 

8. 2s-4p ts - 2po 2 6 0.101 -0.695 C+ 6 

9. 2s-5p zs _ zpo 2 6 0.040 -UO c+ 6 

10. 2s-6p 25 _ 2po 2 6 0.0213 -1.371 C+ 6 

11. Zs-7p Os _ 'po Z () O.OIZ:; -1.60Z Ci' 0 

12. 2p-3s 2pO _ 2S 9.676 545340 10880000 6 2 3.8(+4) 0.018 0.0034 -0.97 C 4 

9.732 604520 10880000 4 2 2.5(+4) 0.018 0.0023 -1.14 C 4 
[9.567J . 426990 10880000 2 2 1.3(+4) 0.018 O.OOll -1.44 C 4 

13. 2p-3d 2po _ 20 9.483 545340 11090000 6 10 3.02(+5) 0.68 0.127 0.61 C 4 

9.535 604520 11090000 4 6 2.96(+5) 0.605 0.0760 0.384 C+ 4 
9.390 426990 11080000 2 4 2.59(+5) 0.685 0.0424 0.137 C+ 4 
9.55 604520 11080000 4 4 5.0(+4) 0.068 0.0086 -0.57 C 4 

14. 2p-4d 2po _ 20 6 10 0.12 -0.14 C+ 6 

15. 2p-5d 2pO _ 20 6 10 0.0450 -0.569 C+ 6 

16. 2p-6d 2pO _ 20 6 10 0.0220 -0.879 C+ 6 

17. 2p-7d 2po _ 20 6 10 0.0125 -1.125 C+ 6 

IH. 3s-4p =~ _ =pu 2 () 0.45 -U.05 C 6 

19. 3s-5p 2S _ 2po 2 6 0.108 -0.67 C 6 

20. 3s-0p 's _ 'po 2 6 0.048 -1.02 C 6 

21. 3s-7p 2S _ 2pO 2 6 0.0250 -1.301 C 6 

22. 3p-4d 2po _ 20 6 10 0.60 0.56 B 6 

23. 3p-5d 2po _ 20 6 10 0.138 -0.082 C+ 6 

24. ~ -nd p 2pO _ 20 6 10 0.0558 -0.475 C+ 6 
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NixXVI: Allowed transitiOns-Continued 

Transition 
A(A.) E;(cm- I

) f.. •. (cm- I ) At;{108s- l ) fik S(at.u.) log it! Accu-
SOurce No. Multiplet g; g. 

array racy 

25. 3p-:-7d 2pO _ 2D 6 10 0.0289 -0.761 C+ 6 

26. 3d-4f 2D _ 2Fo 10 14 1.00 1.000 . B 5 

27. 4s-5p :s _ 2po 2 6 0.483 -0.015 C ... 6 

28. 4s-6p 2g _2pO 2 6 0.129 -0.59 C 6 

'29. 4s-7p 2S _ 2po 2 6 0.056 -0;95 C 6· 

3n 4p..,5d 2pO _2D 6 10 0.586 . 0.546 c+ 6 

. 31. 4p'-6d 2pO _ 2D 6 10 0.143 -0.067 C+ 6 

32 . 4p-7d 2po _ 21) 6 10 0.0618 -0.431 C+ 6 

• The number mpareritheses followmg the tabulated value indicates the power of ten by which this value has to be multiplied. 

Ni XXYII 

CroundState 

Ionization Potential [10290] eV =. [82990100] cm- J 

Allowed Transitions 

List of tabulated lines 

Wavelength (A.) . No. Wavelength (A) No . 

1.2534 19 1.543 3,9 
1.2537 18 1.544 ·9 
1.2824 17 1.546 11 
1.2831 16 1.547 11 
1.3500 15 1.549 5· 
1.3516 14 1.550 11 
l.531 4 1.551 7 
1.534 13 1.558 8 
1.537 6,10 1.5883 2 
1.~38 3 1.5963 1 
1.539 '9 5.7489 27 
1.540 9 5.8352 28 
1.541 12 5.8471 37 
1:542 3,9 5.9524- 38 

Oscillator strengths for transitions of the ls2-1s2p array are 

taken from the results of Drake [1], who incorporated·. accurate 
nonrelativistic matrix elements and exact Dirac hydrogenic matrix 
elements into a Z -expapsion technique in order to provide I-values 
which. would accurately reflect correlation effects for low-Z ions and 
relativistic effects for high-Z ions of the He isoelectronic sequence. 
Results for the stronger transitions to doubly exicted·n = 2 states 
are from the charge-expansion perturbation theory calculations of 
Vainshtein and Safroilova [2]. The I-values for the ls2 IS -
1 snp 3pC) (n = 3..,5) transitions were interpolated from results of 

Wavelength (A) No. Wavelength (A.) No. 

6.4225 25 25.500 46 
6.5224 26 25.907 47 
6.5520 33 53.879 57 
6.67'79 34 54.11'1 58 
8.6080 23 55.298 60 
8.7475 24 56.016 61 
8.8772 29 168.5 21 
9.0740 30 228;0 20 

17.084 ' 43 315.5 22 
17.241 44 361.9 20 
i7.356 50 388.7 20 
17.590 51 
24.819 41 
25.036 42 

the relativistic random phase approximation (RRPA) calculations of 
Johnson and Lin [3]. Data for numerous other s-p and p-stran
tions are from the RRPA results of Lin et al. [4,5]. 

. The Z -expansion results of Laughlin [61 have been tabulated for 
various p-':'d alid d-p transitions, as well as transitions between4d 
and 41 levels. For those multiplets which involve no change of 
quantum n~r (3p-3d, 4p-4d, 4d-4j) the results should be 
considered to be rather uncertain, since the I-values are very Sensi
tive to energy differences. It should be noted that, according to 
Laughlin's calculations, the nd JD levels (n = 3,4) lie below the 
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Ni XXVII: Allowed transitions 

No. 
Transition 

Multiplet X(A) E;(cm- I) Edcm- I ) Ali (l08S- I ) fik S(at.u.) log gf 
Accu-

array 
g, gk 

racy 

1. ls2-1s2p IS _ "po 

[1.5963] 0 [62644200] 1 3 7.70(+5)" 0.0883 4.64(-4 -1.054 B 

2. IS _ Ipo [1.5883] 0 [62961500J I 3 6.02(+6) 0.683 0.00357 -0.166 B 

3. 1s2s-2s2p :IS _ ;lpO 1.540 [62367900] [127300000} 3 9 3.8(+6) 0.41 0.0062 0.09 C 

[1.538] [62367900] [I 27380000J 3 5 3.9(+6) 0.23 0.0035 -0.16 C 
[1.542J [62367900J [127210000J 3 3 3.6(+6) 0.13 0.0020 -0.41 C 
[1.543J [62367900J [127170000] 3 I 3.8(+6) 0.045 6.9(-4) -0.87 C 

4. "s - IpO 

[1.531] [62367900] [127690000] 3 3 2.0(+5) 0.0070 1.1(-4) -1.68 0 

5. IS _ ;lpO 

[1.549] [62644500J [127210000] 1 3 2.0(+5) 0.022 1.1(-4) -1.67 0 

6. IS _ IpO [1.537] [62644500J [127690000] 1 3 3.7(+6) 0.39 0.0020 -0.41 C 

7. ls2p-2s 2 ~po _ is 

[1.551J [62644200J [127130oo0J 3 1 8.2(+5) 0.0099 1.5(-4) -1.53 D 

8. Ipo _ IS [1.558] [62961500J [127130000J 3 1 6.5(+5) 0.0079 1.2(-4) -1.63 D 

9. ls2p--2p 2 
;lpO _ ;lp 1.542 (62732300J {127600000} 9 9 6.6(+6) 0.236 0.0108 0.328 C 

[1.542] [62806500] [127640000] 5 5 3.5(+6) 0.12 0.0032 -0.20 C 

[1.540J [62644200] [127590000J 3 3 1.7(+6) 0.060 9.2(-4) -0.74 C 

[1.544J [62806500] [127590000J 5 3 3.2(+6) 0.069 0.0017 -0.46 C 

[1.543J [62644200J [127460000 J 3 I 6.9(+6) 0.082 0.0013 -0.61 C 

[I,.539J [62644200J [127640000] 3 5 2.6(+6) 0.15 0.0023 -0.34 C 

[1.539] [62625200] [127590000J 1 3 2.6(+6) 0.28 0.0014 -0.56 C 

10. 3pO _ 10 

[1.537] [62806500] [127860000] 5 5 2.3(+6) 0.081 0.0021 -0.39 C 

11. IpO _ ;lp 

[1.546] [629615OOJ [127640000J 3 5 1.6(+6) 0.096 0.0015 -0.54 C 

[1.547] [62961500] [127590000] 3 3 2.1(+5) 0.0075 1.2(-4) -1.65 0 
[1.550] [62961500] [1274600ooJ 3 1 1.2(+5) 0.0014 2.2(-5) -2.36 0 

12. IpO _ ID [1.541.] [62961500] [127860000] 3 5 5.5(+6) 0.33 0.0050 -0.01 C 

13. IpO _ IS [1.534J [62961500] [128140000] 3 1 6.9(+6) 0.081 0.0012 -0.61 C 
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TRANSITION PROBABILIIII:~ t"UK IKUN, '""UDAL r, AND NICKEL 563 
Ni XXVII: Allowed transitions~Continued 

Transition 
A(A.) I E;(cm- I) Edcm:-l) Ak; (108s- 1) tk S(at.u.) log gf 

Accu-
Source No. MUltiplet g; g, 

array I racy 

14·. h Z-ls3r IS _ ~pe 

[1.3516J 0 [73985000J 1 3 2.4(+5) 0.020 8.9(-5) -'-1.70 E interp. 

15. IS_ Ipe [1.3500J '0 [74076300J 1 3 1.63(+6) 0.134 5.96(-4 -0.873 B 4 

16. Is2-ls4p IS _ .~pe 

[1.2831J 0 [77938200J 1 3 1.0(+5) 0.0074 3.1(-5) -2.13 . .E interp. 

17. IS_ Ipe [L2824] 0 [77976200] 1 3 6.38(+5) 0.0472 1.99(-'-4 -1.326 B 4 

18. ls2-1S5p IS _ :ipe 

I 
[1.2537J 0 [79762600] 1 3 5.2(+4) 0.0037 1.5(-5) -2.43 E interp. 

19. IS _Ipo [1.2534J 0 [79782000J I 3 3.35(+5) 0.0237 9.78(-5) -1.625 B 4 

20. ls2s-1s2p ~S _ "po 27·1-.1- [62367900J [62732300J 3 9 12.0 0.0406 0.110 -0.914 B 5 

[228.0] [62367900] [62806500J 3 5 21.7 0.0282 0.0635 -L073 B 5 
[361.9] [62367900]" [62644200J 3 3 4.82 0.00946 0.0338 -1.547 B 5 
L388.7J L62367900J l62625200J 3 1 4.3::> U.UU3Z~ U.U120 -2.000 B :; 

21- :is _'Ipe 
I 

[168.5J 
I 

[62367900J 
I 

[62961500J 3 3 5.95 0.00253 0.00421 "':"'2.119 B 5 

22. IS_ Ipe [315.5J [62644500J [62961500J 1 3 7.53 0.0337 0.0350 -1.472 B 5 

23. Is2s-1s3p :is _ 3pe 

[8.6080J [62367900J [73985000] 3 3 1.07(+5) 0.119 0.0101 -0.447 B 4 

24. IS _ Ipe [8.7475J [62644500] [74076300] 1 3 1.03(+5) 0.353 0.0102 -0.452 B 4 

25. Is2s-ls4p 3S _ :ipo I 
I 

[6.4225J [62367900J [77938200J 3 3 5.2(+4) 0.032 0.0020 '-1.02 B 4 

26: IS _ Ipe [6.5224J [62644500J [77976200J 1 3 4.4(+4) 0.085 0.0018 -1.07 B 4 

27. Is2s-1s5p :is _ ape 

6.8(-4) I [5.7489J [62367900J [79762600] 3 3 2.4(+4) 0.012 -1.44 B 4 

28. IS _ Ipe [5.8352J [62644500J [79782000] 1 3 2.3(+4) 0.035 6.7(-4) -1.46 B 4 

29. Is2p-h3s ape _ :is 

[8.8772J [62644200J [73909000J 3 3 1.1(+4) 0.013 0.0011 -1.41 B 4 

30. Ipe _ IS [9.0740J [62961500J [73982000] 3 1 3.4(+4) 0.014 0.0013 -1.38 B 4 

31. Is2p-ls3d :ipe _ :ID 9 15 0.69 0.79 C+ interp. 

32. Ipe _ ID 3 5 0.70 0.32 C+ interp. 

33. Is2p-ls4s apo _ :IS 

[6.5520] [62644200J [77906600J 3 3 4700 0.0030 1.9(-4) -2.0!; C 4-

34. Ipe _ IS [6.6779] [62961500] [77936200] 3 I 1.3(+4) (}.OOilO 2.0(-4) -2.05 c 4 

35. Is2 -ls4d p :ipo _ 3D 9 15 0.12 0.03 C 6 
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Ni XXVII: Allowed transitions-Continued 

No. 
Transitibn 

Multiplet A(A) f:j(cm- I) Edcm- 1) Akj (l08S- 1) f;k S(at.u.) log gf 
Accu-

Source gj gk 
array racy 

36. Ipo _ 10 3 5 0.12 -0.44 C 6 

37. Is2p-ls5s :Ipo _ :15 
~ 

[5.8471] [62644200] [79746600] 3 3 2300 0.0012 6.9(-5) -2.44 C 4 

38. Ipo _ IS [5.9524] [62961500] [79761400] 3 I 6800 0.0012 7.1(-5) -2.44 c 4 

39. is3s-ls3p Jg _ :lpO 

3 3 0.015 -1.35 C 4 

40. IS _ lpo I 3 ·0.057 -1.24 C 4 

41. Is3s-ls4p as _ apo 

[24.819] [73909000] [77938200] 3 3 1.42(+4) 0.131 0.0321 -0.406 B 4 

42. IS _ Ipo [25.036] [739820ooJ [77976200J 1 3 1.37(+4) 0.387 0.0319 -0.412 B 4 

43. Is3s-ls5p 35 _ :lpO 

[17.084J [739~90oo] [79762600] 3 3 7500 0.033 0.0056 -1.00 B 4 

44. IS _ Ipo [17.241] [73982000] [79782000] I 3 7400 0.099 0.0056 -1.00 B 4 

45. Is3p-ls3d 3pO _ :10 9 15 0.010 -1.05 0 interp. 

46. Is3p-ls4s :lpO _ :IS 

[25.500] [73985000] [77906600] 3 3 3200 0.031 0.0078 -1.03 B 4 

47. Ipo _ IS [25.907] [74076300] [77936200J 3 1 9800 0.033 0.0084 -1.00 B 4 

48. Is3p-ls4d :lpo _ :10 9 15 0.60 0.73 C 6 

49. Ipo _ 10 3 5 0.62 0.27 C 6 

50. Is3p-ls5s :lpO _ :15 

[17.356] [73985000] [79746600] 3 3 1600 0.0070 0.0012 -1.68 C 4 

51. IpO _ IS [17.590] [74076300] [79761400] 3 1 4700 0.0073 0.0013 -1.66 C 4 

52. ls3d-ls3p 10 _ Ipo 5 3 0.0019 -2.02 E 6 

53. Is3d-ls4p 30 _ apo IS 9 0.012 -0.74 C 6 

54. 10 _ IpO 5 3 0.011 -1.26 C 6 

55. ls4s-1s4p 3S _ apo 

3 3 0.026 -1.11 E 4 

56. IS _ Ipo 1 3 0.062 -1.21 0 4 

57. Is4s-ls5p 3S _ 3pO 

[53.879] [77906600] [79762600J 3 3 3380 0.147 0.0782 -0.356 B 4 

58. IS _ IpO [54.177] [77936200J [79782000J I 3 3260 0.431 0.0769 -0.366 B 4 

59. ls4 -ls4d p 3po _ "0 9 15 0.018 -0.79 0 6 
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TRANSITION PROBABILITIES FOR IRON, COBALT, AND NICKEL 56S 
Ni xxvJI;·Allowed transitions~Continued 

.. Transition 
A(A) f..:(cm- I) f..'.(cm- I ) Ak;(108s- l ) fir S(at.u.) loggf 

Accu-
Source No. Multiplet gi g, 

array racy 

60. ls4p-ls5s :~po _ lS 

[55.298] [77938200] [79746600] 3 3 1100 0.051 0.028 -0.82 B 4 

6l. Ipo _ '5 [56.016J [77976200] [79761400J . 3 I 3400 0.053 0.029 -0.80 B 4 

62. .ls4d-1s4p 10 _ IpO 5 3 0.0029 -1.84 E 6 

63. Is4d-ls4f 3D _ :lFo 15 21 7.3(-4) -1.96 E 6 

64. ls4d:"'ls5f 3D ~ :lFo 15 21 0.89 U3 B 8 

65. ID _ IFe 5 7 0.89 0.65 B 8 

OO~ Is4f.,.-ls4d 'fo - 'D 7 5 3.9(-4) -2.::;(j E (j 

67. 1 s4f.,.-ls5d :lFo _ 3D 21 15 0.0089 -0.73 C 8 
I 
I 

68. IFo_ 10 7 5 0.0089 -1.21 C 8 

69. lsSs-ls5p 35 _ :lpO 

3 3' 0.026 .,....1.11 E 4 

70 . 15 _ IpO 1 3 0.10 -1.00 E 4 

• The number in parentheses following the tabulated value indicates the power of ten. by which this value has to be multiplied. 

Ni XXVIII 

. GroUnd State 

Ionization Potential [10775] eV = [86908000] em-1 

Allowed Transitions 

l.ne transition probability data for this hydrogen.like ion may be 

obtained by scaling the data available for the hydrogen spectrum (see 
NSRDS-NBS 4 [1 ] according to 

JNj XXVIII . =. !Hydrogen , 

ANi XXVIll = (28)4 AHydrogen, 

. An uncertainty of a few percent arises from the neglect of relativistic 
. effects. Recent theoretical studies [2,3 J indicate that relativistic 
effects on line strengths for this ion are generally in this range, Vvith 

the relativistic value usually slightly below the non-relativistic one, 

although in certain transitions where n increases :lnd·/ decreases the 

line strength increases. Younger and Weiss [3]· have calculated 

exact Dirac relativistic hydrogenic line strengths for a num.ber of 

transitions of interest along. the hydrogen isoelectroriic· sequence. 
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